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In to-day’s operational aircraft no component carries higher responsibility 
for efficiency than electric cables. 


Many types of cable—-low tension, high tension and radio frequency—are 
acquired in modern installations and utmost reliability is the keynote of 
manufacture. 


We make every type of cable needed for the electrical equipment of aircraft. 
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THEY WHO LOOK AHEAD 


For | dipt into the future, far as human eye could see, 

Saw the Vision of the world, and all the wonder that would be; 

Saw the heavens fill with commerce, argosies of magic sails, 

Pilots of the purple twilight, dropping down with costly bales. 
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FEATURES 
OF WESTON 
AIRCRAFT 
INSTRUMENTS 


each Indicator 


The Weston Blind Approach Indicator consists essentially of two 
standard Weston Moving Element assemblies, one placed horizontally 


and one vertically, receiving their impulse from a high frequency radio 
receiver. By its use the pilot is able to come in not only on the proper 
azimuth, but also at the correct angle of glide. Here again is seen the 
benefit of the rational design which has made possible the standardisa- 
tion of the main instrument components, resulting in simplified pro- 
duction and maintenance and by the concentration of research, speeding 
the development of aids to navigation which cannot yet be publicised. 


Weston AIRCRAFT INSTRUMENTS 
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A DESIGN SERVICE IN LIGHT METALS 


It is stimulating even to speculate on the rehabilitation in our new 
highly competitive world, of the most commonplace structure or 
product in terms of Light Metals. To give an idea form, to 
quicken the pace of attaining the full functional value of a 
mechanical product, Hiduminium Applications Ltd., (designers to 
great organisations in the light metal industry) invite manufacturers 
and others to share their experience and facilities in design and 


consultation. Further information on request. 
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THE SOCIETY’S AWARDS 


The Society offers a number of valuable awards, most of 


them annually. Full particulars of the conditions attaching 


to these awards may be obtained on application to the 


Secretary. 


Society’s Gold Medal 

This is the highest honour which the 
Society can confer for work of an outstand- 
ing or fundamental nature in aeronautics. 


British Gold Medal for Aeronautics 

The British Gold Medal for Aeronautics 
is awarded for an achievement leading to 
advancement in aeronautical science. 


Simms Gold Medal 

The Simms Gold Medal is awarded 
annually for the best paper read in any year 
before the Society on any science allied to 
aeronautics, e.g., meteorology, wireless tele- 
graphy, instruments. 


The George Taylor (of Australia) Gold 
Medal 
The Taylor Gold Medal is awarded 
annually, at the discretion of the Council, for 
the most valuable paper submitted or read 
during the previous session. 


Wakefield Gold Medal 

The Wakefield Gold Medal is awarded 
annually to the designer of any invention 
or apparatus tending towards safety in flying, 
and is open to members or non-members. 


Society’s Silver Medal 

The Society’s Silver Medal is awarded, at 
the discretion of the Council, 
advance in aeronautical design. 


for some 


British Silver Medal for Aeronautics 

The British Silver Medal for Aeronautics 
is awarded for an achievement leading to 
advancement in aeronautical science. 


Society’s Bronze Medal 

The Society’s Bronze Medal is awarded, 
at the discretion of the Council, under the 
same conditions as those for the Silver Medal, 
but for some less important advance in aero- 
nautical design. 


Wilbur Wright Memorial Premium 

The Wilbur Wright Memorial Lecture is 
held annually, a premium of fifty pounds 
being awarded to the lecturer invited by the 
Council to deliver the lecture. The lecture 
is usually given alternately by an American 
and an Englishman, and is the most impor- 
tant aeronautical lecture of the year. It is 
delivered whenever possible, on the last 
Thursday in May of each year. 


British Empire and Commonwealth Lecture 

The Council of the Royal Aeronautical 
Society have completed the arrangements for 
the founding of a British Empire and Com- 
monwealth Lecture. 

The lecture, on any aeronautical subject 
approved by the Council, will be delivered 
annually in September in London, by a 
lecturer, chosen in alternate years from the 
British Dominions and Colonies and Great 


Britain. 


THE 


The Council, by founding this British 
Empire and Commonwealth Lecture, are 
anxious to encourage new ideas and new 
points of view from all parts of the British 
Empire and Commonwealth, and to make 
the Lecture second only in importance to the 
Wilbur Wright Memorial Lecture. 


The British Empire and Commonwealth 
Lecture will have a premium of £50 attached 
to it, and in the case of lecturers coming from 
the Dominions and Colonies an allowance up 
to £100 will be paid towards the Lecturer’s 
expenses. 

The first Lecture will be given on Novem- 
ber 13th, 1945. 


R.38 Memorial Prize 


The R.38 Memorial Prize is offered 
annually for the best paper received by the 
Society on some subject of a technical nature 
in the science of aeronautics, preference being 
given to papers which relate to airships. The 
prize is twenty-five guineas. 


The Herbert Akroyd Stuart Lectures 

Under the will of the late Mr. Herbert 
Akroyd Stuart a sum of £700 is held in trust 
by the Society for the offer of a prize every 
two years, for the best paper or lecture read 
or given before the Society dealing with the 
Origin and Development of Heavy-oil Aero 
Engines. The prize is open to members and 
non-members. 


Edward Busk Memorial Prize 

The Edward Busk Memorial Prize is 
offered annually for the best paper received 
by the Society on some subject of a technical 
nature in connection with aeroplanes (includ- 
ing seaplanes). Its value is twenty guineas. 


Pilcher Memorial Prize 

The Pilcher Memorial Prize is offered 
annually, at the discretion of the Council, 
for the best paper by a Student on heavier- 
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than-air craft or any analogous subject. Its 
value is five guineas. 


Usborne Prize 

The Usborne Prize is offered annually, at 
the discretion of the Council, for the best 
paper by a Student on some subject in con- 
nection with Aero Engines. Its value is five 
guineas, 


Major Baden-Powell Memorial Prize 

The Major Baden-Powell Memorial Prize 
is awarded in May and December of each 
year to the student who is considered the 
best student by the examiners in the Society’s 
Association Fellowship examinations. _ Its 
value is three guineas. 


Elliott Memorial Prize | 

The Elliott Memorial Prize is awarded 
twice yearly to the apprentice at Halton who 
has the highest percentage of marks in the 
passing-out examination. Its value is 2} 
guineas for each award. 


R. P. Alston Memorial Prize 

The R. P. Alston Memorial Prize is 
awarded to any Graduate or Student of the 
Society for work done leading to improve- 
ment in the safety of aircraft, and particularly 
for improvement in stability and control. Its 
value is approximately £5. 


Branch Prize 

The Council offer an annual prize of 
twenty guineas for the best paper read 
before the Branches during the previous 
lecture Session. The prize is open to any 
member of the Society or of any Branch. 


Journal Premium Awards 

The Council has set aside an annual sum 
of £250 to be given as premium awards to 
authors of papers published in the Journal. 


ACC 


AC-S 


AERA 


é 

= 
= 

= 


Its 


ous 
iny 


AN APPRECIATION 


The Council of the Royal Aeronautical Society 
wish to thank those Companies who, by 
their generous co-operation, have done so much 
to help in the production of the Journal in its 


new form. 
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THE ROYAL AERONAUTICAL SOCIETY 


OCTOBER 


NOTICES 


1945 


JOURNAL PREMIUM 


AWARDS 


The Council have set aside an annual sum of £250 for the award of premiums for | 


papers published in the Journal and the Council hope that members (or 
non-members) will contribute papers on their own special subjects. 


An Appeal to Members 

The Society is very anxious to have as 
complete a record as possible in its files of 
the work of its members. Such a record will 
enable the Society to be of greater use to 
its members and to know, particularly, those 
members who can help the Council and its 
Committees on problems which are under 
discussion. 

It would be appreciated, therefore, if 
members would bring their records of work 
and employment up to date; and in future 
notify headquarters of any change of job or 
position on a firm. In most cases the records 
held by the Society do not go beyond the 
date of election as Fellow, Associate Fellow 
or Associate, and often, therefore, are some 
years out of date. 

The Council are forming a number of 
technical committees and are anxious to 
draw upon the best talent among its members 
in order that the most authoritative reports 
may be presented. 


Contents of the October Journal 

Estimation of Static Longitudinal Stability, 
by E. J. N. Archbold, B.Sc.(Eng.), 
Grad.R.Ae.S., Tech.M.I.Ae.S. 

Euler Critical Load of Pinned-Pinned 
“Polynomial ’’ Tapered Struts, by 
F, J. Turton, B.Sc., A.R.C.S. 

Stresses in Ring Structures, by L. G. White- 
head, Ph. D. 

Retardation Efficiency of Shock-Absorber 
and Arrester Gear, by P. B. Walker, 
M.A., Ph.D.,. F.R.AeS. 


List of Members 

A List of Members is in active preparation. 
Will members therefore send in any changes 
in their addresses and designations? If 
a member has more than one address an 
indication should be given of the one to 
appear in the printed list. If no notification 
is received it will be assumed that the titles 
and address on the Journal envelope or 
Monthly Notices are correct. 


Lecture Programme 

The following are the forthcoming Lectures 
of the first half of the 1945-1946 Lecture 
Session. Members are admitted without 
tickets, but non-members must obtain tickets 
through a member. 

The Lectures will be held at 6.30 p.m. in 
the Lecture Theatre of the Institution of 
Mechanical Engineers, Storey’s Gate, St. 
James’s, S.W.1 (by permission of the Council 
of the Institution), with the exception of the 
British Commonwealth and Empire Lecture, 
and the lecture by Professor Feather. 

October 18th—Aircraft Engine Oil Cooling, 
by Mr. F. Nixon, B.Sc., M.I.Aut.E., 
F.R.Ae.S. 

November Ist—A Critical Review of Ger- 
man Long-range Rocket Development, 
Mr. W. G. A. Perring, F.R.Ae.S. 

November 29th—Aspects of German 
Aeronautical Development, by W. J. 
Stern, B.Sc. 

December 11th—Meteorology and High 
Altitude Aviation, by Professor Dobson, 
F.R.S. 
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NOTICES 


November 13th—The First British Com- 
monwealth and Empire Lecture. Aus- 
tralia in Empire Air Transport, by W. 
Hudson Fysh, D.F.C. 


The lecture will be held in the Lecture 
Theatre of the Institution of Electrical 
Engineers, Savoy Place, Victoria Embank- 
ment, W.C.2. (Tea 6.0 p.m.) 


December 19th—Atomic Disintegration, 
by Professor N. Feather, F.R.S. 
The lecture will be delivered in the 
Institution of Civil Engineers, Great George 
Street, S.W.1, at 6.0 p.m. (Tea 5.30 p.m.) 


Branch Lectures 
31R MINGHAM BRANCH 


October 22nd—Annual General Meeting at 
the White Horse Hotel, Congreve Street, 
Birmingham, at 6.45 p.m. 

October 29th—The Principles of Radar, by 
Mr. D. R. Davies, B.Sc., A.M.I.E.E., 
and Mr. H. Turner. The lecture will be 
illustrated with films and will be held at 
the Chamber of Commerce, 95, New 
Street, Birmingham. 


CoveNntTRY BRANCH 
November 22nd—Modern Experimental 
Work in Aircraft Structures, by Pro- 
fessor A. G. Pugsley, F.R.Ae.S. 


Lectures will be held in the Council Staff 
Canteen, Old Gulson Library, at 7 p.m. 


Dersy LRANCH 


Lectures by the following have been 
arranged and will be held in the Rolls-Royce 
Welfare Hall, Nightingale Road, Derby: — 

November 5th—Air Commodore Vernon 

Brown, C.B., O.B.E., M.A., F.R.Ae.S., 
and Wing Commander N. G. Bennett, 
M.B.E. (Air Ministry Accidents Investi- 
gation Branch). 


December 3rd—Annual General Meeting. 
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GLASGOW BRANCH 
November 15th—Fuel Injection, by Mr, 
Morris. 

Meetings will be held in the Royal Tech- 
nical College, George Street, Glasgow, at 
7.30 p.m. 

Luton BRANCH 
November 7th—Electrics for Aircraft, by 
C. G. A. Woodford, A.F.R.Ae.S. 
November 21st—Rubber Bonding Applica- 
tions, by Messrs. Reynolds and Buchan 
(Andre Rubber Co., Ltd.) Mr. 
Moore (Silentbloc). 

Lecture are held in The George Hotel at 

7.15 p.m. 


and 


BELFAST BRANCH 

October 30th—Jet Propulsion for Aircraft, 
by H. G. Winton, A.F.R.Ae.S. 

November 20th—Aircraft Electrical Instal- 
lations, by G. A. Coombes, A.R.Ae.S. 

December 11th—Modern Development in 
Aircraft Performance, by C. P. T. 
Lipscombe, WH.Ex., F.R.Ae.S. (Joint 
Lecture with the Belfast Association of 
Engineers.) 


Graduate and Student Section 

Thursday, October 25th—Production of 
Cold Rolled Sections for Aircraft, by N. 
Aston, M.J.I.E. (Hawker Aircraft). 

November (exact date to be fixed)— 
German Aeronautical Research, by FL. 
J. R. Ewans (R.A.E. Team in Ger- 
many). 

Tuesday, November 27th—Large Wooden 
Aircraft, by J. K. Crowe, A.F.R.AeS. 
(De Havilland Aircraft). 

Friday, December 7th—Steel. Film show 
by courtesy of John Brown & Co. 6.0 
p.m. British Council Theatre, 6, Han- 
over Street, W.1. Refreshments avail- 
able from 5.30. 


All meetings will be held in the Library of 
the Society at 4, Hamilton Place, W.1, at 
7.30 p.m., unless otherwise stated. 
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NOTICES 


Presentation of Photographs 

The Council acknowledge with thanks the 
ft of photographs of their machines from 
the following firms : — 

Blackburn Aircraft, Ltd., Bristol Aeroplane 
Co., Ltd., De Havilland Aircraft Co., Ltd., 
De Havilland Engine Co., Ltd., Fairey 
Aviation Co., Ltd., Gloster Aircraft Co., 
Ltd., Handley Page, Ltd., Hawker Aircraft, 
Ltd., Miles Aircraft, Ltd., D. Napier & Son, 
Ltd., Rolls-Royce, Ltd. 


These photographs are of very great value 
to the records of the Society and help to keep 
the files up to date. Members interested may 
consult the files at any time. The Council 
will be grateful for photographs of any air- 
craft, during construction or in flight, 
especially those covering the years 1907 to 
1914. 


Election of Members 


The following members were recently 
elected : — 

Associate Fellows 

Norman William George Blackburn, 


Robert Peter Bonnell, David Brown, Herbert 
George Frederick Butler, John Caldwell, 
Zbyslaw Ciolkosz, Edmund William Coates 
(from Graduate), Andrew William Crichton 
(from Student), Donald Merewood Hallowes, 
Henry Richard Haynes, Ronald Hills, 
Stanley Steele Holman (from Graduate), 
Robert Henry Horniman, Bruno Jablonsky, 
John Owen Napier Lawrence, James Millar 
Logie, Zdzislaw Teofil Marczewski, Charles 
Henry Naylor (ex - Student), Alexander 
Robert Ogston, Antoni Kazimie Oppenheim, 
Leonard Arthur Pollard, John Maurice Rad- 
cliffe, Elfyn John Richards, Laszlo Rossz, 
William Godfrey Meyer Sanders, Richard 
Ewell Smith, Stefan Smoleniec, Thomas 
Alfred Stanley (from Graduate), Frank 
Edmund Stokes, James Douglas Sumner, 
Frederick George Tarrant, Percival John 
Taylor (from Associate), William Thompson, 
Yuan Shen (from Graduate). 


Companions 
Patricia Fraser Johnson, Windsor David 
Lewis, Helen Polanyi. 


Associates 

Stanley John Balsom, Joseph Stephen 
Patrick Barrett, Everett Large Baudoux, 
Ganesh Balkrishna Bhide, Charles Barton 
Bovill, Alexander Bowie, David Allen Brice, 
Herbert Buckley, William Arthur Henry 
Bellingham Burnside, Walter Bernard Butler, 
Alistair Peter Wishart Cane, George Thomas 
Chawner, Stanley Cooper, Ernest Charles 
Covell, Robert Nixon Dalkin, Leo Stanley 
Davies, Alfred Leslie Eggleton, Edwin 
Frederick Faggetter, Thomas Harry Farns- 
worth, Peter William Feesey (from Student), 
William Robert Frost, William Stanley Gib- 
son, Austin Griffiths, Herbert Edward Hall, 
Cecil Albert Harwood (from Graduate), 
Edward Carlisle Hodgson, John Bateson 
Hodgson, Maurice Theobald MHoldham, 
Robert Victor Keeling, William George 
Kenyon Kirg, Lionel John Levine, Maurice 
Trounce Lugg, Philip de Lacey Markham 
(from Student), John McIntosh, John Lewis 
Mitchell (from Student), Frederick Charles 
Morton, Thomas Herbert Nettleton, Arthur 
Herbert Perry, Charles Archibold Phillips, 
William Pownall, Stanislaw Edmund 
Pozowski, Edwin Stanley Pryor, John 
Donovan Robins, George Rooney, Norman 
Clifford Savage, Hermann Schoenen, Albert 
Henry Smith, Albert William Edward 
Stanley, Alfred Victor Tarlton, Stanley Cecil 
Thorp, Gordon William Tucker, John 
William Jameson Truran, Leslie Donald 
Tyrell, Clifford Merrick Walker, Philip John 
Westcott. 


Graduates 
John Leighton Benton, Geoffrey Frank 


Briginshaw (from Student), Nevil John 
Eugene Chaplin (from Student), Lorne 


Campbell Dunsworth, Brian Edwards (from 
Student), Amin Abd-el-Messih Fahmy, 
Robert Jamieson, Thomas Stuart Parramore 
(from Student), Sidney John Smith (from 
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Student), Arthur Walter Turner, Hubert B.e.67.—-Soaring flight: the art of gliding, 
Beresford Walker. Terence Horsley. Eyre & Spottiswoode. 
Kenneth Bentley, Alan Avery Blythe, B.e.68.—Gliding and soaring. A. Sitek 


Victor Edward Creighton Brooks, Richard 
Hill Bulloch, Robert Angus Calder, Alan 
John Cooper, Ernest Cummings, Laurence 
Bede Dawson, Frederick John Deeks, 
Michael Noel Dudley, Stanley Peter John 
Ellis, Frederick Edwin Green, Geoffrey 
Bertram Gurr, Gerald John Harris, John 
Beodie Bowman Johnston, John Edward: 
Young King, Brian Iven _ Kingsnorth, 
Eric Jesse McKenna, Edward Matthews, 
Harry Usher Midwood, Donald Alexander 


Munro, Bernard Oliver Parker, Francis 
Theodore Constant Sanson, Denis John 


Shipway, Thomas Derrick Sills, Alan William 
Thompson, William Victor Tipping. 


Additions to the Library 


Pamphlets in italics with location reference 
following in brackets. Books marked * may 
not be taken out on loan. 

B.a.344.—Aeroplano da burbismo e da 

addenamento normale ed_ acrobatico 
“Fiat G.5.’’ (Ufficio Tecnico Avia- 
stone, Div. III.) (Y.3.ii.F.) 

B.a.345.—L’Apparechio d’aviolinea Fiat 

““G18V.”’ (Aeronautica d’[talia Societa 
anonima-Tor.no.) (Y.3.ii.F.) 

B.a.346.—Riflessi costruttivi della velocita 


in aviazione. G. Gabrielli. (Industria 


Grafiche Italiana  Stuccht.) 1938. 
(Y.3.11.G.) 
B.a.347.—Il Monoposto da combattimento 


Fiat ‘‘G.50.”’ (Aeronautica d’Italia 
Societa anonima-Torino.) (Y.3.ii.F.) 
B.a.348.—General specifications for the 
Vultee V-11G. Vultee Aircraft Div., 
Aviation Manufacturing Co. (Y.3.ii.V.) 
B.a.349.—Technical description of the 
Vultee Model V-1A. Aeroplane Develop- 

ment Co. (Y.3.ii.V.) 

B.a.350.—Vought Model V-143  single- 
seater fighter. Chance Vought Aircraft. 
1937. (Folio.) 


and V. Blunt. Alliance Press. 1944, 
6/-. 

BB.b.115.—Importanti particolari con- 
struttivi del ‘‘Fiat G.2.’’ R. Giacomeili, 
Instituto Polarigrafico del Stato Libreria. 
1933. (PBB.1.a.10.) 

BB.b.116.—Problemi moderni nella con- 
struzione metallica degli aeroplani. G. 
Gabrielli. Instituto Poligrafico del Stato 


Libreria. 1931. (PBB.1.a.10.) 
BB.c.100.—Fairey Metal Airscrews. 
Fairey Aviation Co, (PBB.2/12.) 


BB.c.101.—New De Havilland  control- 
lable-pitch propellers for engines of 150 
to 350 b.h.p. (Y¥.7.a.20.) 

D.a.A.36.—Aluminium alloy extruded sec- 
tions. Wrought Light Alloys Develop- 
ment Association. 1944. (Y.13.c.A.) 


*D.a.A.37.—International Civil Aviation 
Conference Chicago, 1944. U.S. Govern- 
ment Printing Office. 1945. 

D.b.236.—Impressioni sull’aviazione civile 
degli Stati Uniti. G. Gabrielli. Instituto 
Poligrafico dello Stato Libreria. 1933. 
(PD.3/c.3.) 

D.b.237, 238.—British Air Transport. 
H.M. Stationery Office. 1935. (PD.1/32, 
PD.1/33.) 

D.b.240.—To-morrow’s airliners, airways 
and airports. S. E. Veale. Pilot Press, 
Ltd. 1945. 15/-. 

E.b.109.—Sulla rigidezza di alcuni tela 


piani. G. Gabrielli. (Instituto Poligra- 
fico dello Stato Libreria.) 1938 
(Y.8.a.26.) 


E.b.110.—Sull comportanento dei tubi 


sottili in dural assogettati a flessotorsione 
e sulle loro applicazione nella constru- 
zione degli aeromobilt. 
grafico dello 
(Y.8 2 27.) 


(Instituto Poli- 
Stato Libreria.) 1933. 
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J.a.63.—Meteorological Observer's Hand- 
book, 1942. Air Ministry. H.M. 
Stationery Office. 1944. 6/-. 


J.a.64.—Meteorological Glossary, 3rd 
edition. Air Ministry. H.M. Stationery 
Office. 1944. 5/-. 

L.a.52.—Aircraft Engineer’s ‘‘A’’ Licence. 
G. W. Williamson. George Newnes & 
Co., 1945. 

L.b.44.—Aviation. H. E. Wimperis. 
Oxford University Press. 1945. 3/6. 

*L.k.48.—A Bibliography of visual [iter- 
ature, J. F. Fulton and others. Office 
of Scientific Research and Development, 
Washington, 1945. 


S.e.93.—The Battle of Britain. H.M. 
Stationery Office. 1941. 3d. 

S.e.94.—Target: Germany. H.M. Station- 
ery Office. 1944. 

S.e.95.—Combined Operations, 1940-1942. 
Ministry of Information. H.M. Station- 
ery Office. 1942. 

5.e.96.—Front Line 1940-1941. Ministry 
of Information. H.M. Stationery Office. 
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S.e.97.—The Battle of Britain.  (Illus- 
trated edition.) Ministry of Information. 
H.M. Stationery Office. 1941. 
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Summary 

HIS paper discusses the static longitudinal 

stability of an aircraft in the simple case 
when the aerodynamic derivatives are in- 
dependent of speed. An outline of the 
basic theory of static stability is given, 
accompanied by a working document, giving 
suitable forms for the estimation of neutral 
points from wind tunnel tests. A worked 
example is included for a typical case. 
No attempt is made to interpret the results, 
‘but the conclusions include a note on the 
C.G. margin. Loss of stability stick free, 
and scale effect are commented on briefly 
in the appendices. 


1.0. Introduction 

The estimation of the stability 
aircraft is to-day an important phase of 
the initial aerodynamic design. The time 
when it was sufficient to apply empirical 
formulae for the proportions of an aircraft 
to give stability is long past, and a serious 
error in initial design cannot now be corrected 
after flight tests without considerable com- 
plication, expense, and delay. 
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Quite accurate estimates of both longi- 
tudinal and lateral stability can now be 
made from little more data than a good 
three view general arrangement drawing. 
In this paper it is assumed that some such 
estimate has already been made, and that 
the design is sufficiently stabilised for wind 
tunnel tests to be available. 

This paper, then, is in the form of a working 
document for the calculations needed to 
make a simple analysis of the static longi- 
tudinal stability, based on the minimum of 
wind tunnel test results. Sufficient funda- 
mental theory is outlined to make the method 
comprehensible. The literature of the sub- 
ject is now so wide that there seems little 
left to be said, but the writer feels that yet 
another recapitulation in simple terms will 
not come amiss. Further, he believes that 
there is a need for more working documents 
of the type he has attempted to produce 
here. 


2.0. General Discussion 

The problems of stability and 
are closely connected in flight, and cannot 
be separated for the purposes of calculation 
except by means of certain assumptions 
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as to the type of motion considered. It is 
necessary first of all to differentiate between 
static and dynamic stability. The former 
is concerned only with the moments that 
develop on an aircraft in straight flight 
when it undergoes a small disturbance, 
the static forces on the aircraft remaining 
inequilibrium. Positive static stability then 
obtains if these moments tend to restore 
the aircraft to the trimmed state. In 
the motion that follows such a disturbance 
dynamic and inertia forces and moments 
play a part, and they must be taken into 
account when the dynamic stability is 
considered. 

In the simple case we _ shall consider 
here, the aerodynamic characteristics of the 
aircraft are assumed to be independent of 
speed, and the aircraft itself is assumed to 
be rigid. Some types of modern aircraft 
operate under conditions of high speed and 
aerodynamic loading when compressibility 
effects and elastic distortion of the structure 
introduce variations in some characteristics 
which nist be taken into account in the 
general case. 

Two distinct conditions of static stability 
are recognised, and upon these conditions 
is based the whole fabric of relations between 
what happens to the aircraft, and what the 
pilot feels. These two conditions are known 
as “stick fixed’ and “ stick free’? and can 
be described conveniently as follows :— 

(a) With the stick (or elevators) set to 
give zero stick force in steady flight 
the aircraft is assumed disturbed and 
the stick held fixed throughout the 
subsequent motion—this is “ stick 
fixed.” 

(b) With the elevator trim tab set to 
give zero stick force in steady flight 
the aircraft is assumed disturbed 
and the stick left free throughout the 
subsequent motion—this is “ stick 
free.” 


At this stage it is convenient to define 
what we mean by stability as applied to an 


aircraft in flight. In the simplest case we 
can say that when an aircraft is flying in a 
straight steady glide and experiences a 
small disturbance in pitch, it is positively 
stable if the static moments on the aircraft 
tend to restore it to the initial condition. The 
resultant motion will be a convergence, 
with the mechanics of which we are not 
concerned when considering static stability. 
If the stability is negative the convergence 
is replaced by a divergence. 

A more precise definition, which is necess- 
ary in order to maintain the relationship 
between the sign of the static stability 
and the type of motion that succeeds a 
disturbance is obtained by including a 
change of speed in the definition of static 
stability. The following passage, then, can 
be taken as a complete definition of static 
stability. 

Suppose an aircraft is trimmed for straight 
flight at a given speed, incidence and engine 
condition, and is then flown at a slightly 
higher speed and at the incidence appropriate 
to straight flight at the higher speed. The 
aircraft is then statically stable stick fixed 
if the pitching moment tends to restore 
it to the original incidence. In flight the 
elevator position must be changed to main- 
tain straight flight at the modified speed, 
the change being proportional to the restoring 
or disturbing moment at the new speed. 
The aircraft is therefore stable with stick 
fixed if the stick is moved forward (elevator 
down) to trim for straight flight at a slightly 
higher speed. Similarly, the aircraft is stable 
stick free if a push force or upward change 
in elevator tab angle is required for straight 
flight at a slightly higher speed. 

It follows, therefore, that the stick move- 
ments the pilot has to make to control the 
aircra't are related to the stick fixed 
stability, while the stick forces he has to 
exert are relate/ to the stick tree stability. 


3.0. Theory 
3.1. Assumptions 
In the theory of static stability for the 
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simple case, the following assumptions are 
made :— 
(a) The force and moment coefficients 
C,, Cy, Cy, Cy, are assumed to be 
independent of speed and air density, 
thus excluding the effects on them 
of slipstream, structural distortion 
and compressibility. 
(b) The air density remains constant 
during the motion. 
(c) The moment coefficients C,, and C,, 
are linear functions of incidence 
(lift coefficient) and control setting. 
(d) The flight path angle is sufficiently 
small to assume that the Jift is equal 
to the weight of the aircraft in steady 
flight. 
(e) The tail lift can be neglected in 
comparison with the lift on the wing. 
3.2. Neutral Point 
The neutral point can be defined as that 
position of the aircraft centre of gravity 
(C.G.) for which the static stability is 
neutral. It is however much more conveni- 
ent to regard it as that reference point 
about which the overall pitching moment 
coeffic'ents on the aircraft is constant for 
small definition 
which follows exactly from that given above 
(2.0) for static stability. 

The significance of the neutral point is 
important, and at this stage it is as well 
For example if 


changes of incidence—a 


to see exactly what it is. 
the aircraft C.G. coincides with the neutral 
point, stick fixed, the same elevator angle 
will trim the aircraft at all speeds. Similarly 
for the neutral point stick free, if the trim 
tab is set to give zero pilot’s force at one speed, 
there will be no force on the stick at any 
other speed. Clearly, the pitching 
moment about a C.G. forward of the neutral 
point will be such as to resist an incidence 
change, and that about a C.G. aft of the 
neutral point such as to assist an incidence 
change. 

So far, the neutral point has been referred 
to as belonging to the complete aircraft, 
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but in practice it is convenient to build 
it up in stages from the several components 
of the aircraft, since it then becomes obvious 
how much each part of the aircraft is contri- 
buting to the stability, or otherwise, of the 
whole. 

The neutral point of the wing alone is the 
so-called aerodynamic centre, which in 
general i; very close to the quarter chord 
point. Nacelles, body and airscrews are 
usually destabilising, shifting the neutral 
point forward from the aerodynamic centre, 
The function of the tail is then to move 
the neutral point back, the ultimate position 
being aft of the aircraft C.G. if the aircraft 
is to be stable. We have thus arrived at 
the neutral point of the complete aircraft 
for gliding flight. Neglecting the thrust 
moment, which may be either stabilising 
or destabilising, the effect of slipstream 
can be treated in two parts ;—a downwash 
change which reduces the tail effectiveness 
and moves the neutral point forward: 
and a local airstream speed increase at the 
tail which increases the tail effectiveness 
and moves the neutral point aft again. 
The net effect is usually a forward shift 
of the neutral point relative to its glide 
position. 

It is usual to relate the neutral point to 
the standard mean chord (S.M.C.) of the 
wing by defining it as being h,¢ behind the 
leading edge of the S.M.C., stick 
and h’,é stick free, where ¢ is the length 
of the S.M.C. 

The position of the neutral point in terms 
of the S.M.C. is simply determined from 
pitching moment curves. Suppose there 
is available a curve of pitching moment 
about a reference point P located /,¢ from 
the leading edge of the S.M.C. On the 
basis of assumption (c) of paragraph (3.1) 
above the equation of this curve when plotted 
against lift coefficient C, can be written :— 

(C..\,=C#mot mc, . . (i) 


m'p mo 


fixed, 


The pitching moment about P can also 
be written in terms of the lift coefficient by 
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taking moments about P, assuming that the 
lift and drag can be taken as acting through 
the neutral point, that drag moments are 
small compared with lift moments, and that 
incidence changes are small. 
Pitching moment about P is 

bp V2 SE — (hy — h) 
or in coefficient form :— 


Comparing equations (1) and (2) we see 
directly that the slope m of the pitching 
moment curve is given by :— 

m = — (h, — (3) 


Thus the location of the neutral point 
hy, is given simply by :— 


n I 

From these results three conclusions can be 

drawn, if P is taken to be the aircraft C.G. 

(a) If m is positive—the neutral point 
lies forward of the aircraft C.G. <A 
positive increase in incidence will 
then increase the overall pitching 
moment in the positive sense, that 
is tending to increase the incidence, 
i.e. unstable. 

(b) If m is zero—the neutral point and 
the aircraft C.G. coincide. 
of incidence do not alter the overall 
pitching moment and the condition 
is one of neutral stability. 


Changes 


(c) If m is negative—the neutral point 
lies aft of the aircraft C.G. A 
positive increase in incidence will 
then increase the overall pitching 
moment in the negative sense, that 
is tending to reduce the incidence, 
i.e. stable. 


3.3. Neutral Point Contributions 

3.3.1. Tail. 

The neutral point contribution of the tail 
has been shown above to be a _ rearward 
shift equal to the change of slope of the pit- 
ching moment curve from the tail-off to 
the tail-on condition. 


The lift coefficient of a symmetrical 
tailplane can be written :— 
CL, = a, ar + a, 7 (5) 


In the stick fixed condition 7» is a constant, 
but for stick free conditions the elevator 
will float so that its hinge moment is zero. 
Thus stick free, the elevator hinge moment :— 

Cu = b,ar+b,n=0 (6) 
= — 0,/b,ar 

Substituting for » in the lift coe'ficient 

equation (5) we have :— 


Crp a, ar 


a,b, 
(Stick Free). (7) 
Now the pitching moment coefficient 
due to tail. 
Cun, FVC1, 
FV (a, + az 7%) 
(St.cx Fixcd) (8) 
or FVa, ar (1 — a, b,/a, 
(Stick Free} (9) 
Differentiating wi h respect to Cr 
dur 
dC. 
(Stick Fixed, (10) 
ay b, dCi, 
(Stick Frec) (11) 
Now the tailplane incidence, 
GT = nr— er. (12) 
Thus 
dar da der dex du 
dC. dC. dCi a da 
(1 (13) 
a du 


Hence we have the neutral point shifts 
Ah, and 4h’, due to tail in the stick fixed 
and free conditions, equal to the changes of 
pitching moment curve slope due to tail, 
given by 


a da 


(Stick Fixea) (14) 
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simple case, the following assumptions are 
made :— 

(a) The force and moment coefficients 
C,, Cy. Cm» Cy are assumed to be 
independent of speed and air density, 
thus excluding the effects on them 
of slipstream, structural distortion 
and compressibility. 

(b) The air density remains constant 
during the motion. 

(c) The moment coefficients C,, and C,, 
are linear functions of incidence 
(lift coefficient) and control setting. 

(d) The flight path angle is sufficiently 
small to assume that the lift is equal 
to the weight of the aircraft in steady 
flight. 

(ec) The tail lift can be neglected in 
comparison with the lift on the wing. 

3.2 Neutral Point 

The neutral point can be defined as that 
position of the aircraft centre of gravity 
(C.G.) for which the static stability is 
neutral. It is however much more conveni- 
ent to regard it as that reference point 
about which the overall pitching moment 
coeffic ents on the aircraft is constant for 
small changes of definition 
which follows exactly from that given above 
(2.0) for static stability. 

The significance of the neutral point is 
important, and at this stage it is as well 
to see exactly what it is. For example if 
the aircraft C.G. coincides with the neutral 
point, stick fixed, the same elevator angle 
will trim the aircraft at all speeds. Similarly 
for the neutral point stick free, if the trim 
tab is set to give zero pilot’s force at one speed, 
there will be no force on the stick at any 
other speed. Clearly, also, the pitching 
moment about a C.G. forward of the neutral 
point will be such as to resist an incidence 
change, and that about a C.G. aft of the 
neutral point such as to assist an incidence 
change. 

So far, the neutral point has been referred 
to as belonging to the complete aircraft, 
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but in practice it is convenient to build 
it up in stages from the several components 
of the aircraft, since it then becomes obvious 
how much each part of the aircraft is contri- 
buting to the stability, or otherwise, of the 
whole. 

The neutral point of the wing alone is the 
so-called aerodynamic centre, which in 
general is very close to the quarter chord 
point. Nacelles, body and airscrews are 
usually destabilising, shifting the neutral 
point forward from the aerodynamic centre, 
The function of the tail is then to move 
the neutral point back, the ultimate position 
being aft of the aircraft C.G. if the aircraft 
is to be stable. We have thus arrived at 
the neutral point of the complete aircraft 
for gliding flight. Neglecting the thrust 
moment, which may be either stabilising 
or destabilising, the effect of slipstream 
can be treated in two parts ;—a downwash 
change which reduces the tail effectiveness 
and moves the neutral point forward: 
and a local airstream speed increase at the 
tail which increases the tail effectiveness 
and moves the neutral point aft again. 
The net effect is usually a forward shift 
of the neutral point relative to its glide 
position. 


It is usual to relate the neutral point to 
the standard mean chord (S.M.C.) of the 
wing by defining it as being /,,¢ behind the 
leading edge of the S.M.C., stick fixed, 
and h’,é stick free, where ¢ is the length 
of the S.M.C. 

The position of the neutral point in terms 
of the S.M.C. is simply determined from 
pitching moment curves. Suppose there 
is available a curve of pitching moment 
about a reference point P located /,¢ from 
the leading edge of the S.M.C. On the 
basis of assumption (c) of paragraph (3.1) 
above the equation of this curve when plotted 
against lift coefficient C, can be written :— 


tm, - (1) 
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taking moments about P, assuming that the 
lift and drag can be taken as acting through 
the neutral point, that drag moments are 
small compared with lift moments, and that 
incidence changes are small. 


Pitching moment about P is 


3p V? Sé — (h, —h,) C,] 
or in coefficient form :— 


Comparing equations (1) and (2) we see 
directly that the slope m of the pitching 
moment curve is given by :— 

m = — (h, —h,). (3) 


Thus the location of the neutral point 
hy, is given simply by :— 
h,=h,—m . (4) 


From these results three conclusions can be 
drawn, if P is taken to be the aircraft C.G. 
(a) If m is positive—the neutral point 
lies forward of the aircraft C.G. A 
positive increase in incidence will 
then increase the overall pitching 
moment in the positive sense, that 
is tending to increase the incidence, 
i.e. unstable. 
(b) If m is zero—the neutral point and 
the aircraft C.G. coincide. Changes 
of incidence do not alter the overall 
pitching moment and the condition 
is one of neutral stability. 


(c) If m is negative—the neutral point 
lies aft of the aircraft C.G. A 
positive increase in incidence will 
then increase the overall pitching 
moment in the negative sense, that 
is tending to reduce the incidence, 
i.e. stable. 


3.3. Neutral Point Contributions 

3.3.1. Tail. 

The neutral point contribution of the tail 
has been shown above to be a rearward 
shift equal to the change of slope of the pit- 
ching moment curve from the tail-off to 
the tail-on condition. 


The lift coefficient of a symmetrical 
tailplane can be written :— 
Ci, = a, ar+ (5) 
In the stick fixed condition 7» is a constant, 
but for stick free conditions the elevator 
will float so that its hinge moment is zero. 
Thus stick free, the elevator hinge moment :— 
Cx = b, b, (6) 
i.e. 
= —),/b,ar 
Substituting for » in the lift coe‘ficient 
equation (5) we have :— 


CL, = a, ar (1 


a,b, 
(Stick Free). (7) 
Now the pitching moment coefficient 
due to tail. 
Cu, FYVC1, 
FV (a, av + az %) 
(St'cx Fixcd) (8) 
or FVa, ar (1 — a, b,/a, 
(Stick Free} (9) 
Differentiating wi h respect to Cx 
dCm, dur 
aC. 
(Stick Fixed, (10) 
or = — FVa, (: 
a, b,/ dC. 
(Stick Frec) (11) 
Now the tailplane incidence, 
or nr — er. (12) 
Thus 
dar der dey du 
dC. dC. a da 
1 (1 (13) 
a du 


Hence we have the neutral point shifts 
4h, and 4h’, due to tail in the stick fixed 
and free conditions, equal to the changes of 
pitching moment curve slope due to tail, 
given by 
Ak, = — (==) (2 =) 

a da 
(Stick Fixea) (14) 
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(==") 
_ py (1-- der 
a da 


(Stick Free) (15) 


3.5.2.  Alrscrews 

The presence of airscrews affects the 
stability in as much as an airscrew rotating 
with its axis inclined to the local flow 
experiences a force normal to its axis, which 
causes an additional pitching moment vari- 
able with incidence. The calculation of 
such forces is complicated and it is sufficient 
for the present purpose to record the results 
inasimple form. The effect has been known 
for some time, the original work on the 
subject having been carried out in 1919 by 
Harris (R. & M. 427) and Glauert (R. & M. 
642). In those days the effects of airscrew lift 
forces were negligible in practice, but modern 
high solidity airscrews have brought the 
effects to a stage where they are appreciable, 
particujarly on single seat fighters and 
taiJless aircraft. It has been found that the 
methods of Harris and GlJauert underestimate 
the effect, and a more eccurate theory has 
recently been put forward (Ref. 1). 

The vertical force coefficient CxA on a 
righthanded constant speed airscrew operated 
at an axial incidence % can be expressed as 


or 


) . (16) 


Ref. 1. gives . value of R as 

R=M,(J)Cr+M,(J)B. (17) 
where M, (J) is a function of J and thrust 
distribution and M, (/) a function of J 
and the blade plan form. 

It has been found that in genera] MW, (J) Cr 
forms a small part of R compared with 
M, (J) B. It is thus sufficiently accurate 
to use a calculation of M, (J) for a typical 
thrust distribution instead of calculating 
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it for the particular thrust distribution of the 
airscrew used. Ref. 1. considered three 
widely differing plan forms, and _ three 
different thrust distributions. Comparison 
of the actual] plan form and thrust distribution 
with these usually gives a fairly good fit 
with one of them, and values of V/, (J) 
and M, (J) can be read from corresponding 
curves. 

The pitching moment due to each airscrew 
is then 


Differentiating with respect to Ci 
dC, dCxy. 
IC, dC. 
a, j (19) 
dC. db dCi 


Now 
b =a+y—€a 
dy da dey 
dC. 
dis da dex da = (20) 
Then in equation (19) :— 
dC. db “a du 
Substituting from equations (16) and (17) 
we have :— 


dC 
(OM, (J) Ce 
x a 
de 
+M,(J)B 
J) a du 
and neutral point shift due to each airscrew 
is :— 
ah = - - 
dCi 
a 
(22) 


3.3.3. Thrust 

The contribution of thrust to the neutral 
point is equal to the slope of the pitching 
moment curve due to thrust plotted against 
Cy. The condition to be fulfilled is that 


of 
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of constant power as laid down in (2.0) so 3.3.4. Slipstream 
that assuming constant airscrew efficiency, As has been stated the neutral point 
for small changes in speed we can write :— contribution of slipstream is in two parts. 
Thrust horsepower, per engine, The first is the effect that slipstream has 
So. ee on the downwash angle at the tail and the 
P=Cr.3pV?S. ia (23) second the increase of local airflow speed 


at the tail. The combined effect can be 
If# is the moment arm of the thrust line qgetermined from wind tunnel tests on a 


about the sircraft C.G. then the moment powered model, but an approximate method 


coefficient due to thrust can be written :— of estimating the two effects separately 
NC vk (24) is given below. The degree of accuracy 


é is higher for the downwash effect and has 
been checked with both tunnel ard flight 


Differentiating with respect to we 
8 I tests. The accuracy of the speed increase 


— effect is not so high, but since the tunnel 
Nk dCx (25) tests required to estimate this effect involve 
extensive flow exploration it is considered 

and from equation (23) above :— that the method is of some use as a first 

Cr = 550 P/k pV2S approximation. 
which on substituting for V in terms of IV 3.3.4.1. Slifstream effect on downwash 


The effect of added slipstream velocity v 


Cr = 550 P (i pS) (Ci/W)?. (26) at the wing is shown diagrammatically in 
Figure 1. The effect is again twofold. 
The effect of the added speed is a deflection 
of dowrwash and an equal reduction in 
550P (LpSCi) W? (27) local wing incidence e, giver by :— 


= 


Differentiating with respect to Cy and 
substituting in equation (25), 
dC,, 3Nk 


The neutral point shift due to thrust is The total ot the 


then . of two components, the downwash due to 
Mh, = — eS slipstream es and the downwash due to the 
wing at an effective incidence of a — e, 
_ pSCi) (28) Now the slip Sis as | 
2 ¢é s = [(V+ v)/V]? 


RUST 


paRALLEL TH 


Fig. | 
Slipstream Effect on Downwash. 
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and from simple momentum theory it can 
be shown that :— 


31 
\ 2 \ ( ) 
or, assuming a slipstream area of 0.6 that 
of the airscrew disk, 


8 Re 


(1+ 8.485) (32) 
(Ref. 2) 
so that the increase of downwash at the 
tail can be simply calculated. The slope 
of total downwash at the tail with respect 
to incidence for constant power condition 
is required in order to calculate the tail 
contribution. As will be shown in para- 
graph 4.2.3 below it is convenient to calculate 
the actual total downwash for a number of 
incidences near that for which the answer is 
required and determine the slope of the curve 
of downwash against incidence graphically. 
3.3.4.2. Slipstream Effect on Local Speed 
at Tail 
An approximation to the slipstream speed 
effect on 4h, due to the tail can be made if it 
can be assumed that slipstream speed and 
diameter remain constant from the airscrew 
to the tatl. It should be noted that the 
slipstream from a tractor airscrew is broken 
up by the wing and this assumption is only 
justifiable if the reduction in slipstream 
speed due to the wing cancels out the final 
velocity increase in a free slipstream. The 
assumption of constant diameter would only 
be partially justifiable for a pusher airscrew, 
but for a tractor cannot be anything better 
than a very rough first approximation. 
From Figure 1 it will be seen that the 
resultant slipstream makes an angle a - (er’ 
-€s + y) withthe thrust line. From the geo- 
metry of the aircraft it will then be possible to 
determine what fractior ar of the tailplane 
area lies within a circular slipstream of 
diameter, sax’, 0.8 D at the tail. Now this 
fraction will be operating in a stream of 
speed V/s and the remainder at speed V. 
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Thus the total lift on the tailplane at a 
lift coefficient Cur will be :— 

Lr = 4pV? St Cir [(1 — ar) + ars] 

Ly = 4pV? Sx + ar (s (33) 

The effect of slipstream speed at the tail is 

thus to increase the glide value of tail lift 
in the ratio [lar (s—-1))/l, factor 
which can be applied as an additional tail 
efficiency correction. 


4.0. Method 
4.1. Data required 
4.1.1. Wind Tunnel Data 


Table 1 gives a list of the tunnel tests 
required, together with the data to be derived 
from them. In some cases, although lift, 
drag, and pitching moment measurements 
are specified, not all these three measure- 
ments are required, but since it is usual to 
measure all three together, they have been 
put in for the sake of completeness. 

It is not proposed to go in detail into the 
tunnel technique used, nor into the deri- 
vation of the basic data from the tunnel 
tests. More elaborate than those 
detailed will give correspondingly more 
elaborate data, such as pitching moment 
due to airscrews at various thrust coefficients, 
and changes in pitching moment due to 
slipstream. Only thse tests required for 
the method described here are given. The 
following data are to be derived :— 


tests 


(a) Curve of Cx against a, Cy and C, 
against Ci for the complete aircraft 
less tail, flaps up and down. 

(b) Curves of C,, due to wing, body and 
nacelles separately, against Ci with 
interference effects included. 

(c) Curves of er against a, flaps up and 
down. 
(d) Curves of F against Cx flaps up and 
down. 
(e) Curves of Cur 
and » with 7 and ar as parameters. 
The data included in (a), (), and (¢) 
can easily be derived from tests Al to Ad 
and B3 of table 1 and nothing need be said 


and Cu against ar 
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about the method of derivation. Typical 
curves showing the general form of (a) and 
(b) are given in Figures 2 to 4 and 9. That 
included in (c) and (d@) is not so obvious 
and a little explanation is necessary. 
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pitching moment curves for a range of values 
of tail setting to the zero lift line of the wing, 
as has been done in Figuic 5, the inter. 
sec‘ion points wil give simultaneous values 
of a and yr at whi-h the pitching moments 


1-2 | 
sy 
/ 
” 
of 
7 > | 
/ ‘ 
Q 
‘ | i | 
| 
i / 
i | | | 
0:2 — i 4 
|| | | | 
a | | 
0-02 | 004 /0:06 0-08 010 Cp 
| 
Fig. 2 
Lift Curve and Drag Polar. Flaps Up. 


First comes the derivation of downwash. 
Clearly, when the effective tail incidence is 
zero, the pitching moment due to tail is 
also zero if the tail is of symmetrical section. 
If a curve of pitching moment for complete 
aircraft less tail is plotted over a set of 
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tail off and on are equal. 
points, the tail incidence ar is zero. 
from equation 12 


which can now be equated to zero at each 
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TABLE II int 

: DATA OTHER THAN WIND TUNNEL DERIVATIONS 
: A. Data common to all cases. 
: 1. Aircraft geometry. 
S.M.C. leading edge location relative to C.G. origin. gives h 

Tail arm 44.5 ft. 


id 
Tail plane area, gross Sr 330 sq. ft 
Thrust line inclination to wing chord line y — 3.0 degrees 


2. Power plant and airscrews. 


Number of blades per airscrew. . va 4 
Airscrew blade plan form Type III 
Typical airscrew thrust distribution .. Typ2 C 


B. Data specific to each case. 


1. Flight Condition. 


All up weight... .. W 75000 Ib. 

Lift coefficient .. da 0.7 
Incidence of wing chord line .. 8.0 degrees 


2. Power Conditions. 


3. C.G. locations. 


Relative toC.G. origin .. 48.0/34.0 ins. 
Relative to reference point .. AX, AV 2.0/10.0ins. 
4. Other geometry. C 
Thrust line relative toC.G. be 3.0 ft. effic 


Airscrew disk, elative to C.G. .. 12.0 ft. 
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intersection point, the downwash at the tail There are a number of similar methods of 
is given by deriving tail efficiency from tunnel tests, 
- (34) and a representative method is as follows. 


Cm 


NO TAIL 


Fig. 5 
Diagram showing Derivation of Downwash and Tail Efficiency. 


Coming now to the derivation of tail Referring again to Figure 5 it will be seen 


efficiency, we can define the efficiency F as:~ that at any value of a, say a, the pitching 
dCur/dar at a given ar on complete moments due to tail at various values of nr 

= model (35) are given by the increments between the tail 
2 dCur/dar at same ar without wing off curve and tail on curves for the appropri- 
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ate nr. From these values it is possible of dCmr/dar for constant values of « can 41. 
to plot curves of Cmr against nr for a range be obtained. It is thus possible to calculate 7 
of incidences. Now. from equation (12) F for a range of values of a whence a curve fro1 
above it is clear that dCmr/dyr for constant of F against Cx can readily be obtained, for 
a is equal to dCmr/dar. Typical curves of er and F are given in con 
From tunnel test B.2 of Table 1 curves Figures 6 and 7. 
4.2. 
4 
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4.1.2. Other Data 

The essential data other than that derived 
from wind tunnel tests, which is required 
for the calculation, is summarised for 
convenience in Table IT. 


42. Calculations 
4.2.1. Correction of Pitching Moments to 
Aircraft C.G. (Table III) 

The assumption of small drag moments 
made in writing equation (2) above needs 
some correction at this stage. It still remains 
true for small changes of incidence for a 
particular C.G. but since the aircraft C.G. 
may differ considerably in the vertical 


complete aircraft less tail to the aircraft 
C.G. Strictly speaking this should be done 
for each C.G. that is to be considered. 
Usually however only one or two C.G.’s 
near the aft limit for the aircraft are con- 
cerned, and small changes of less than an 
inch horizontally can be neglected. 


4.2.2. Neutral Point, without Tail and Air- 

screws, Glide (Table IV) 

The neutral point for the bare aircraft 
less tail and airscrews for the no slipstream 
case is now readily derived from equation 
(4), the slope m of the pitching moment 


PARALLEL TO C.G. DATUM. 


Fig. 8 
Correction of Pitching Moments to Aircraft C.G. 


direction from the reference point about 
which moments were measured in the tunnel 
it is necessary to take drag moments in to 
account when correcting the tunnel pitching 
moments to the aircraft C.G. 

In the general case, when the aircraft 
C.G. differs from the reference point P 
(in figure 8) by increments 4% and 47 
measured parallel and normal respectively 
to the horizontal C.G. datum, the pitching 
moment about the aircraft C.G. is given by:— 

(Cm)c.a. = (Cm)p 4Cm 
where 
AC, = [Cx cos (av — ¢) 
+ Cp sin (av — ¢)j7/é (36) 

The first step in the calculations is thus 

to correct the pitching moments for the 


curve being read off at the Cx appropriate 
te each flight case. 
4.2.3. Thrust and Slipstream Effects 

(Table V) 

It is convenient to calculate all of these 
effects at the same time. The thrust 
effect is given by equation (28) and the slip- 
stream effects involve the use of equation 
(29) and the correction factor |(1 — ar (s — 1)} 
from equation (33). 


4.2.4. Tail Contribution (Table VI) 
Equations (14) and (15) give expressions 

for 4h, and 4h,’ due to tail, stick fixed 

and free. Substitution of d (es + er’)/da 


for der/da and of F [1+ ar (s—1)} for F 
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TABLE IV 


NEUTRAL POINT, LESS TAIL AND AIRSCREWS, GLIDE 


CASE 1 2 etc. 


0.7 
aC,,,/aC, 0.171 
C.G. 0.282 


h, 0.111 


TABLE V 
THRUST AND SLIPSTREAM EFFECTS 


2 etc. 
C, 0.5 0.7 0.8 
V f.p.s. 397 336 314 
Thrust horsepower P 700 700 700 
Thrust 7, net Ib. 970 1145 1225 
Thrust 7, gross Ib. 1020 1205 1290 
K/J* = T./pV 0.0302 0.0497 0.0610 
(kpSC,)# 0.815 
we? 20.5 x 10° 
k/¢ 0.222 
4h, due to thrust —0.020 
at 5.5 8.0 9.4 
a—y 2.5 5.0 6.4 
§ 1.124 1.206 1.243 
0.060 0.088 0.105 
0.15 0.44 0.63 
a—e, 5.35 7.56 8.77 
3.00 3.60 3.90 
3.15 4.04 4.53 
d(e+e,’)/da 0.350 
a—(e,+e,’+y) | 0.96 
Rise of slip disk at tail ft. | 0.745 
a, 0.40 
a,.(s —1) 0.08 
1l+a, (s—1) 1.080 


| | 
aid 
631 


extend these equations to give 4h, and 
4h,,’ in the slipstream case. 


4.2.5. Airscrew Contribution (Table VII) 
The planform and typical thrust distri- 
bution curve of the airscrew used are com- 
pared with the curves of Ref. 1. and the 
types which give the best fit chosen. The 
remainder of the calculation is simple 
as shown in Table VII. It should be 
noted that a, the slope of the lift curve 
must be in terms of radians in equation 
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the wind tunnel tests required, as the test 
would involve flow exploration. Generalised 
data is sufficiently accurate for the purpose, 


4.2.6. Neutral Point, Complete Machine, 
Glide and Power on (Table VIII) 
The various contributions to neutral 


point position can now be added up. The 

neutral point for the complete machine 

in the glide is given by 

h, (or h,,’) =h, + N . Sh, (due to air- 
screws, zero thrust) — (37) 


(22). No method of determining dea/da + dh, (or 4h,,’) (due to tail, 
at the airscrew has been mentioned in stick fixed or free) 
TABLE VI 
TAIL CONTRIBUTION 
= 0.0675 a = 0.0790 a, b,/a, = 0.0897 
aS = 0.0363 a,/a = 0.844 1—a,b,/a,b, = 0.9103 
b, = —0.0005 a./a, = 0.537 
b, = —0.0030 b,/b,. = 0.167 
CASE 1 2 etc. 
0.7 
J 0.726 
F 0.80 
derda (no slipstream) 0.26 
1 —der/da 0.74 
4h,, Stick Fixed, Glide 0.362 
Mh,,’ Stick Free, Glide 0.330 
d (es~er’)/da (with slipstream) 0.350 
1 —d (es + er’)da 0.65 
1 + ar (s—1) 1.08 
F + ar (s—1)! 0.865 
4h, Stick Fixed 
Power On. 0.344 
Stick Free, 
Power On. 0.314 


or 


4 a 
ha 
wh 
for 
net 
4 dis 
of 
tes 
of 
les: 
ant 
= 
‘ 
632 


97 


STATIC LONGITUDINAL STABILITY 


or 
h, (or h,,)=h, + NAh, (due to airscrews | 
and thrust) 
+ Ah, (or 4h,") (due to 
tail, stick fixed or 
free) . (38) 
where the appropriate power on values are 
used. 

Table VIII summarises the results in a 
form which shows how the complete machine 
neutral point is built up. The item for C.G. 
displacement is included to show the effect 
of the C.G. being widely different from the 
test reference point, which will usually be 
located near the aerodynamic centre either 
of the wing alone or of the complete aircraft 
less tail. The items for 4h, due to body 
and nacelles are simply the slopes of the 


individual curves of pitching moment about 
the test reference point and serve as a 
check on the value of 4, obtained from the 
complete machine before correction of the 
pitching moments to the aircraft C.G. 


4.2.7. Worked Example 

A worked example is shown in Tables 
III to VIII based on data given in Table II, 
Figures 2 to 7 and Figure 9. The aircraft 
considered is a large four engined monoplane 
flying at 75,000 lb. all up weight. Only 
one flight case is considered, that for contin- 
uous cruising with the C.G. at a typical 
full load position for a transport aircraft. 


5.0. Concluding Remarks 
Aircraft design has passed the stage at 


TABLE VII 


AIRSCREW CONTRIBUTION 


Selected plan form type of Ref. 1.. Type III 
Selected thrust distribution type of Ref. 1. ea Type C 
D = 13.0 ft. a= 4.53 dex'da (assumed) = —0.180 
p= 4 N = 4 1 — dea/da oe 1.180 
= BOK. = 0.89 D?/S 0.1127 
CASE | 1 | 2 ete. 
0.70 
V f.p.s 336 
Engine r.p.m. 2000 
Airscrew r.p.s. 14.80 
J =Vi/[nD | 1.746 
M, (J) | 0.062 
M, (J). B 0.248 
4h,, (zero thrust.) | —).026 
Ta gross thrust. lb. 1205 
Cr = To/} pSV? 0.0112 | 
M, (J) 0.140 | 
M, (J). Cr | 0.00157 | 
[M, (J) Cr + M, (J). B) | 0.250 | 
—0.026 | 


4h,, (with thrust.) | 
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test 
lised 
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STATIC LONGITUDINAL STABILITY 
whi 
TABLE VIII 
nec 
NEUTRAL POINT, COMPLETE AIRCRAFT. GLIDE AND POWER ON — 
tent 
CASE 1 2 
‘ Weight 75000 
4 Altitude 20000 
: Speed T.A.S. m.p.h. 230 
Speed E.A.S. m.p.h. 167 
Lift coefficient 0.7 
Engine R.P.M. 2000 
: Brake horsepower/engine 850 
Thrust horsepower/engine 700 
i Gross thrust per engine. 1205 
: Aerodynamic centre, wing alone. | 0.254 
4h,, due to body. —0.081 
4h,, due to nacelles. —0.037 
4h,, due to C.G. displacement from reference point. —0.025 
: Neutral point, complete a/c less tail and airscrews. 0.111 
4h,, due to airscrews, glide. —0).026 
i Neutral point, complete a/c less tail, glide 0.085 
: 4h,, due to tail, stick fixed, glide. 0.362 
Ah, » » stick free, 0.330 
Neutral point, stick fixed, glide. 0.447 
,, stick free, 0.415 
4h,, due to thrust. —0.020 
4h,, due to airscrews, power on. —0.026 
Neutral point, complete a/c less tail, power on. 0.065 
4h,, due to tail, stick fixed, power on. 0.344 
Neutral point, stick fixed, power on. 0.409 
,, stick free, 0.379 
C.G. Location. 0.282 
C.G. Margin, stick fixed, glide. 0.165 
, Stick free, 0.133 
ss ,, Stick fixed, power on. 0.127 to 


4 
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which major changes in the layout can be 
made after flight tests, and it is therefore 
necessary that an early check of the static 
longitudinal stability should be made. 
Static stability has been defined as the 
tendency of the pitching moments resulting 


This paper sets out the calculation of 
neutral point position from simple wind 
tunnel tests and generalised data in a form 
suitable for routine calculations. The stab- 
ility is then measured by the margin, in 
terms of the S.M.C. between the neutral 


m 
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Fig. 9 


Overall Pitching Moments. Flaps Up. 


from a disturbance to restore the aircraft 
to its undisturbed state. It has been 
shown that a convenient measure of this 
restoring tendency is the position of the 
neutral point relative to the aircraft C.G. 


point and the aircraft C.G., that is the C.G. 
margin, or as it may be termed in the 

simple case, the static margin. 
It is becoming usual for a new aircraft 
specification to include a minimum value 
635 


of the C.G. margin which the designer 
must obtain. The practise of specifying 
a C.G. margin for a particular type is however 
as yet, in itsinfancy. At present, specified 
values are regarded as subject to revision 
in the light of further flight experience. 
Their relation to the safety of the aircraft, 
the degree of manoeuvrability required of it 
and the comfort of the occupants, needs 
much further study. In particular the 
degree of static stability compatible with 
comfort in flight is of increasing importance 
in the design of aircraft for civil passenger 
operation. 
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APPENDIX A 

Less of Stability Stick Free 

A study of equations (14) and (15) shows 
that the change of 4h, due to tail from 
the stick fixed to the stick free condition 
depends upon the sign and magnitude of 
the quantity a,.b,/a,.6,. If this quantity 
is positive there will be a loss of stability 
stick free as compared with stick fixed. 

Now the components of this quantity 
are the characteristics of the tailplane 
and elevator, a, and a, being lift curve 
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slopes and therefore always positive. The 
slope a, is primarily a function of tailplane 
section and aspect ratio, and a, a function 
of elevator size. Thus both a, and a, 
can be treated as being fixed for a given 
design by the 4h, due to tail required stick 
fixed and the elevator size required for con- 
trol at low speeds. 

The hinge moment characteristics 5, 
and b, are both functions of the elevator 
section and the degree of aerodynamic 
balance provided. It is here then that the 
designer has some scope for controlling 
the stick free loss. The slope 6, of the 
curve of Cu against 7 is found always 
to be negative, its magnitude depending 
upon the degree of aerodynamic balance, 
The extent to which the elevator can be 
lightened however is limited by safety 
considerations and the pilot’s idea of a 
sensitive control. The slope 6, of the 
curve of Cy against ar can however be 
varied in sign from negative to positive 
without 6, becoming unreasonably small. 
For example, an elevator with zero aero- 
dynamic balance might have a b, of about 
—0.0030 per degree. With 25°% of set-back 
hinge balance this might. become about 
—0.0015, but with 9°, of horn balance 
it could become as much as +0.0030. 

By careful design it is possible then to 
minimise the stick free loss and even to 
produce a gain in stability on freeing the 
stick, a condition which will occur with ), 
positive, the quantity a,.b,/a,.b, being then 
negative. It is considered unwise to go 
very far in this direction, however. 


APPENDIX B 
Scale Effect on Neutral Points 
When estimating C.G. margins from tunnel 
tests some allowance must be made for scale 
effect on the test results. Examination 
of equations (37) and (38) shows that the 
neutral point position can be written : 
a a 
or Stick Fixed 
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The ah FV arb, 1 = (40) upon the Reynolds number at which the 
ane oe “ = tests were carried out and the following 
‘100 Stick Boos notes are a rough guide to the effect to be 
a, expected. 
ven where /), is the aerodynamic centre of the (a) Tests at R <10°. 
‘ick complete aircraft less tail, when allowances Overall effects are likely to be 
on- have been made for airscrew and thrust very large at these low speeds awit 
effects. the results are usually most unsatis- 
b, In these equations, /,, a,, a, and der/da factory. 4h, due to scale effect 
tor suffer scale effects if they are derived from is probably at least —0.05. 
mic tunnel tests. It is not possible to calculate (b) Tests at R=10* to 6 10%, 
the these effects and at best they can only be Scale effect on a,, 
ing estimated from generalised data. It is Ah,, = —0.02 to —0.04. 
the not possible here to go into the matter in Scale effect on h,, 
ia detail and the best that can be done is to Ah,, = 0 to+ 0.01. 
ing indicate the order of the corrections to be (c) Tests at R>6 x 10°, 
i applied to a C.G. margin based on tunnel Scale effects are likely to be very 
be tests. small and can be neglected for a 
- The order of the correction will depend first approximation. 
the 
be TABLE IX 
ive 
all. LIST OF SYMBOLS 
r0- 
yut a a dCx da, no tail 
ck ay = dar 
yut = dy 
ice ar = fraction of tailplane area in slipstream. 
B = number of blades per airscrew. 
to b = span (ft.) 
to b, = dCu dar 
che b aCu 
b, Cp (drag on complete to aircraft)/}pV?S 
en Ci (lift on complete aircraft)/}pV?S 
go = (lift on tailplane)/4pV 
Cu = (pitching moment) /3pV Sé 
~ = value of Cm when Cy = 0. 
Cor = (pitching moment due to tail)/}pV 
Cx, oes see equation (16) 
ul Cx = (elevator hinge moment)/$pV 
“ é = standard mean chord of wing = S/d (ft. 
“s cy = mean chord of elevator (ft.) 
D = airscrew diameter (ft.) 
= tail efficiency on glide. 
9) F’ = tail efficiency power on = F [1 + ar(s—1)} 
hé = distance of aircraft C.G. aft of leading edge of S.M.C. (ft.) 
h, = value of h when C.G. coincides with neutral point stick fixed. 
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value of h when C.G. coincides with neutral point stick free. 

h,—h i.e. C.G. margin stick fixed. 

h,,’ —hi.e. C.G. margin stick free. 

value of h at aerodynamic centre without tail and airscrews, glide. 

advance ratio = V/nD. 

distance of airscrew forward of aircraft C.G. (ft.) 

airscrew thrust coefficient =T«/pn? D4. 

distance of thrust line below aircraft C.G. (ft.) 

distance of aerodynamic centre of tailplane aft of aerodynamic centre of 
aircraft without tail. 

dCm/dCr 

airscrew revolutions per second. 

thrust horsepower per engine. 

see equation (16). 

see Fig. 8. 

gross wing area (sq. ft.) 

gross tailplane area (sq. ft.) 

net elevator area (sq. ft.) 

slipstream factor, see equation (31) & (32) 

net thrust per engine = 550 P/V. 

gross thrust per engine = (7~ + drag increase due to slipstream). 

speed (ft./sec.) 

tail volume coefficient = Sr1/S¢ 

added speed in slipstream (ft./sec.) 

all up weight (Ib.) 

location of aircraft C.G. relative to C.G. origin. 

incidence of chord line of wing relative to flight path. 

incidence of tailplane to local wind direction at tail. 

incidence of horizontal C.G. datum relative to flight path. 

inclination of thrust line relative to chord line of wing. 

angle of downwash at airscrew. 

angle of downwash due to slipstream at tail. 

angle of downwash due to wing at tail. 

angle of downwash at tail due to wing at incidence (a—es) 

elevator angle. 

setting of tailplane relative to chord line of wing. 

air density. 

relative density. 

see Fig. 8. 

angle between airscrew axis and local wind direction at airscrew disk. 
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by 
F. J. Turton, B Se., A.R.C.S. 


of 


$1. The differential equation for the de- 
flection of a tapered strut cannot usually 
be solved by formal methods; we propose 
to attack the problem in the reverse direc- 
tion; given the deflection-curve as a poly- 
nomial, we find the shape of the longi- 
tudinal section for struts of given strength. 
It will appear that the shapes so found are 
quite different from those for struts ‘‘ of 
uniform stress ’’ yet it is possible to get 
substantial saving in weight for a given 
strength (for some of the examples up to 
11 per cent., the theoretical maximum 
being 13.4 per cent. 


Notation 

A solid strut of length 2/ subject to axial 
thrust P at the pinned-pinned ends has 
similar sections symmetrical about their 
neutral axes and similarly situated with 
respect to the longitudinal axis, y=0; x is 
measured outwards from the centre along 
that axis and at +x the deflection is y, a 
typical lateral measurement ft, the least 
second moment of the section /, and the 
area 1; the corresponding values at +=0 
are indicated by attaching a suffix ,; and 
at x/!=1 by attaching suffix ,. Non-dimen- 
sional variables N=x/l, T=t/t, are used 
and k?=Pl?/E/,. Suffix , is used when 
referring to a uniform strut. 
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Then the volume of the strut 
2 Adx =A, | (4/A,) dX-214, | T dX. 
Also 
P=k*EI,/l? 
and for a uniform strut of the same strength 
EI, 
so that 
= t,4/t,4= A,*/A,,! 
Hence the ratio of their volumes 

| TdX/21A, (7/2) | T2dX 
This ratio is therefore the ratio of the 
weight of the tapered strut to that of a 
uniform strut of the same material and 
strength and with similar transverse sec- 
tions. Denote it by X. 

For the tapered strut 

Eld*y/dx? + Py =o 

with both terms zero at x=+lI, and by 
symmetry, y will be a polynomial in even 
powers of x. 

The differential equation becomes 

+ky=o, 

with T=1 at X=O0 and y and Ely” both 
zero at X= +1. 


53. y a polynomial of degree 2 
y is obviously y, (1—.X*) and y” = — 2y,. 
Hence at \=1, / must vanish and stress 
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failure would occur. Thus this case is only 
of academic interest but is included here as 
an approximation to the “calculus of 


variations ’’ strut (a good approximation!) 
which also has zero area at the pins. We 
have T*/k?=—y/y”=(1—X?)/2. Putting 


Q. 
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x=0, T=1, we get k?=2. The longitudinal 
profile is t=t, (1—X*)/* and the value of 
Lis 

1 


2) /2dX = m?/84/2 = 0.8724 


giving a theoretical saving of weight of 
12.76 per cent. For the calculus of varia- 
tions strut k?=27/3/4=1.8505 and the 
theoretical saving of weight is 13.4 per cent. 


‘4. y a polynomial of degree 4 
y could now be taken as 
yo (1—X?) (1 + aX?) 

and x could be chosen to give any value of 
k, for putting X=0 we get k?=(—y”/y) 
=2(1—x); the approximation to the cal- 
culus of variations strut would be very close 
indeed if x were chosen to give k*® about 
1.85. 


‘5. y a polynomial of degree 6 
Take 


‘POLYNOMIAL’ 
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We are now, however, able to find a 
practical strut, for since y” may be made 
to vanish at X =1, the transverse dimension 
there need not be zero. 

We take y”=-—c (1—X*) and integrate 
twice with even powers only and with y=0 
at 

y eX 2/2 +cX 4/12 + constant 
=c(1—X *)/2—c (1— X 4)/12 
=c(1—X*) (65—X?)/12 

Thus T*/k?=(5—X?)/12. Putting X=0, 
T=1, we get k?=12/5 and the longitudinal 
profile is given by T=t/t,=(1—X?/5)"/*. 
Also 


1, 
A= (n/5/24/12) | a/ (1—X 2/5) .dX 


which integrates easily and gives A=0.979, 
a saving in weight of 2.1 per cent. The 
profile is shown in Fig. 1. 


y” =—c(1—X2) (1 + aX 2) = —c (1 +a—1 X?2—aX4) 


Integrating as before 


+ (a—1) (I—X4)/12 —a(1— X 9) 


Hence 
a 
E “7230 


When X = 0, T= 1, hence 


30 30 30 


= a aX #4 


/(1 + aX 2) 
12 30 30 | 


1/k? = (1/2) + (a2 —1)/12—a/30 = 5/12 +a/20 


giving 
(12—5k*) X [18 _ (ND, 
1 + (20/k?—25/3) X? 
and 


1 


X *— (12—5k*) X 4/18 


oY 1+ 20/k2—25/3)X? 


aX 


Thus we may find one strut of this type for every k?, and the profile is easily calculated 
from T* above. To find A, however, a graphical or numerical method is required. The 
writer has used Simpson’s rule throughout with ten strips, and as a check, the integral of §4 
was similarly evaluated and found to give an error of 1 in 10,000. 

A set of profiles is shown in Fig. 1 with the saving of weight possible. When k?=2 the 
polynomial reduces to the quartic of §4. 
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§6. y a polynomial of degree 8 cas 
¥ Take the 
y” =—c(1— X2) (1 + BX? + yX4) =—c(1 + (8 —1) X2+(y —3)X4)—yX8; yet 
: and integrate as before 13. 
_ (B—1) (I—X4) (y—8) (I—X°) 
j 2 12 30 55 1 
ben 


12 ~=30 56 


1+ BX?+yX# 


and as T= 1 when X =0, 
B 13y 
Since 8 and y are arbitrary, we can now have any given k? and satisfy one other condition 
: in addition. For a given k2, y can be expressed in terms of 8 and k? and thence T? and ) 
found as functions of the parameter 8. We get | 
1 + (1—k? 2)X2 +(1 —5 + Bk 2/12)X 4— (15/13) (1—5/12 + B/20)X ® 
1 + BX? + (840/13) (1/k?—5/12 + B/20)X4 


k? = 1.5 has been chosen for the examples worked out in this case. 


(= N/D $7). 


72 ra , 9 (5— 
: 4 8 104 | 13 
2 
~2 


— —--— ——YIELD STRESS—— — — 


on 
N 


O “| 2 3 “4 8 9X 10 
Fig. 3 

B=5 gives that polynomial of §5 for from over 10 per cent. to over 11 per cent. ( 
which x=5 and other struts have been A “‘ waist ’’ in the profile is just developing 
dealt with for G=4, 3, 2, 1, 0 and —2. when 8=0 and this is quie pronounced when 
For the first five, the saving in weight is #=—2, yet the weight saved in the latter 
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It is evident that 
the form of taper may vary very much and 
yet save 10 or 11 per cent of the possible 
13.4 per cent. 


case exceeds 9 per cent. 


‘7. Stress failure 

due to 
bending, is the product of (\///) and the 
greatest ¢ at the section, and is therefore 


The greatest stress, at any x, 


‘POLYNOMIAL’ 


TAPERED STRUTS 


equal to (PyT/1) z where 7 is the greatest 
!, perpendicular to the neutral axis of the 
section at x=0. Hence the greatest bending 
stress at any 

Now if our expression for T‘ as the ratio 
of two polynomials be denoted by \/D, 
y varies as V (1— NX") and since when Y=0, 
N=1 and y=y,, therefore y=y,N (1—X*). 


stress curve 


Bendi 
(ar bitrary unit) 


BENDING 
STRESS DIAGRAM 


[Magnified'bending stress curve 


| 
2 
(This example is for =5, 3.6) 


y=x/p 
Point of failure 


Fig. 4 
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actual bending stress diagrams 


T 
| 
| 
| 
| 


< permissible bending stress diagrams 


These curves are for B=5, 3.6. 


O 


2 4 6 8 


Fig. 
F, failure at pin when P/A is equal to the yield stress. 
F, point of failure for similar strut to carry same load but longer, 12/11. 
F, ditto but longer in ratio 3/2. 
F limiting position of point of failure, as length tends to infinity. 
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Also kR?=N/Dk?=y/(-y”)  so_ that 
—y”=y,Dk? (1— X?). 

Therefore the greatest bending stress at any 

xis Pry, (1—X*) 

Since \ and D have been evaluated in 
the course of the calculations, it is easy to 
evaluate (1—.X*) N'/4D%/4, and this is pro- 
portional to the greatest bending stress at 
any x for any one strut. Graphs of this 
function, showing how the greatest bending 
stress varies along the strut, are shown in 
Fig. 3 for four of the struts of §6. 

If P/S is the yield stress (so that S = 4,) 
then the greatest permissible bending stress 
atx or X is P/S—P/A; A is a multiple of 
T? which has been evaluated, so a graph 
of the greatest permissible stress is also 
easily drawn. A typical one (for B=5) is 
shown in Fig. 4. When S=4, this curve 
will terminate on the \ axis at Y=1. Now 
the bending stress can never exceed 
P/S—P/A, hence if the actual bending 
stress curve were superimposed on the same 
diagram as the permissible bending stress 
curve, the former which always has its \ =1 
end at zero stress, could never be above the 
latter. Our graph of (1—.*) N*/*D%/4 
represents ordinates proportional to the 
actual bending stress, and if we ‘‘ magnify ”’ 
the ordinates (and the slope) in the same 
proportion until the ‘‘ magnified ’’ curve 
touches the permissible stress curve, the 
former then represents the greatest bending 
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stress curve at the moment of stress failure. 
The required ‘‘ magnification’’ can be 
found by trial. Thus we find with fair 
accuracy the value of X at the point of 
stress failure and from the expressions for 
the permissible stress and the actual bending 
stress, the value of y, at failure can be 
calculated (provided of course that (y’)? is 
still negligible compared with unity). If 
S=A,, the process of ‘‘ magnification ”’ 
goes on until the two curves have a common 
tangent at X=1, i.e., stress failure occurs 
at the pin. The required ‘‘ magnification ’’ 
cannot be found with much accuracy by 
trial but is easily calculated by putting 
XN=1-Z and evaluating both functions to 
the first power of Z. 

If now a similar but longer strut (same 
material and shape of section) be made to 
carry the same load, 1/A, diminishes, 
S <A,, and the point of failure moves 
towards the nearest turning point of the 
actual bending stress diagram, approaching 
that point as the length of the strut 
increases indefinitely. This movement of 
the point of failure is illustrated in Fig. 5 
for struts whose lengths are in the ratio 

Further, the diagram with the magnified 
curve touching the permissible stress curve 
gives us the direct stress diagram and the 
bending stress diagram, at the moment of 
failure, Fig. 5. 


THE ROYAL 


by 
L. G. Whitehead, Ph.D. 


Introduction 

HE simple ring frames which are a 

common feature of metal fuselage con- 
struction are being superseded in some large 
aircraft by more complicated frames in which 
one or more cross members are added to 
distribution 
in simple rings is readily analysed by the 


stiffen the frame. The stress 
standard methods for redundant structures, 
but the direct extension of these methods 
to more complicated cases leads normally 
to the solution of a number of  simul- 
taneous equations. The method now pro- 
posed avoids this difficulty by breaking 
down the calculation into a number of simple 
steps and then applying the principle ot 
superposition to combine the results so 
obtained. In this respect it is equivalent to 
the Hardy Cross distribution 
method (1) or to Southwell’s method of the 
constraints (2) 


moment 
systematic relaxation of 
though in many applications the final super- 
position of loadings is so simple that the full 
moment distribution or relaxation procedure 
is not required. 

The usual assumptions adopted tor stress- 
ing rings are retained in the present analysis. 
The most important of these are as follows: 
Only displacements due to bending are of 
importance; the distortion of an clement of 
a curved bar is identical with that for a 
straight element of the same mean length 
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He obtained 


and cross-section; and the deflections are 
that on. the 
basis of the undistorted shape are 


small so moments calculated 


ciently accurate. 


General Theory 

Consider a ring frame (Fig. 1) consisting 
of three segments joining the points 4 and 
B, the three separate sections being rigidly 


Fig. 1 


attached to each other at their intersections. 
Initially the frame is assumed to be con 
strained against rotation and displacement 
at the points A and B and the external load: 
are then applied. The bending moments it 
each of the three segments are readily cal- 
culated under these conditions; the problem 
is in fact the familiar one of an arch built 
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in at either end. The end fixing moment 
for each segment and the force acting along 
4B are calculated and the algebraic sums 
give the constraining moments and _ forces 
which must be applied at .1 and B in order 
The 


moment 


to maintain the initial configuration. 
second step is to determine the 
which must be applied at 4 to the unloaded 
frame to produce unit rotation when B is 
held fixed. 
along 1B which arises from the rotation at 


The corresponding load acting 


dis also required as it will cause a change 
in the horizontal constraining force. Similar 
calculations are required for the rotation of 
B with 1 fixed and for unit displacement 
of A relative to B along the line 1B. In 
each of these results for in- 
dividual segments are calculated separately 
and then added together. 


stages the 


The final step of combining the particular 
solutions obtained is carried out by relax- 
ing successively the angular constraints at 
dand B and the horizontal constraint fixing 
This will lead in 
each case to the reduction or elimination 
of the constraint that is relaxed coupled 


their relative positions. 


with secondary changes in the remaining 
constrains. The process is repeated until] 
the constraining moments are reduced to 
negligible proportions. 

The method may readily be extended to 
deal with more complicated rings with two 
or more internal members. Vertical con- 
straints as well as horizontal and angular 
constraints arise at each intersection in such 
cases as these must be relaxed in the same 
way as the three constraints in the simpler 
example. 

The procedure outlined above may be 
modified in detail, with advantage, in special 
cases. It becomes particularly simple if, 
as in many practical examples, the internal 
member is a straight bar connecting 1 ang 
B. Then, since deflections due to axial 
loads are neglected, there is no displace- 
ment of I relative to B along 4B and only 


the constraining moments and rotations at 
and B have to be recorded. For frames 
symmetrical about a vertical axis it is con- 
venient to consider the rotations at 4 and 
B simultaneously and to impose as separate 
operations either equal or equal and oppo- 
site rotations when relaxing the angular 
This pro- 
cedure is followed in the next sections where 
the method is developed in detail for a 


constraints at the two points. 


symmetrical ring. 


The Bending Moments in| Symmetrical 
Kneastré Curved Segments 

It is convenient to consider each of the 
separate curved segments as a ring com- 
pleted by a rigid straight member joining 
the ends 4 and B. The straight rigid mem- 
ber provides the required end conditions for 
the curved segment and if the moment, 
shear and axial loads are determined at the 
centre of the mgid bar full advantage is 
taken of the symmetry of the structure. The 
system of loads on one of the simple rings 
so formed consists of the loads on the 
curved segment together with reactions at 
and B chosen so that the external forces 
are in equilibrium. 

The equations for the unknown moment 
Ny, shear force NX, and axial load NX, at 
the mid-point of the rigid member are 
derived by the principle of virtual work. 
They are 


(Moyds [yds 


In these equations bending moments have 
been reckoned as positive when they tend 
to decrease the curvature of the segment 
and the positive directions for X,,, \, and 
NX, are indicated in Fig. 2. M, is the 
bending moment in the ring due to the ex- 
ternal loads when cut at the centre of the 
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Fig. 2 


rigid member. The integrals extend over 
the curved segment, there being no con- 
tribution from the straight member since it 
is assumed rigid. The unknowns are deter- 
mined directly from the above equations, 
NX, is the horizontal thrust along 4B and 
hence it is the contribution to the total 
horizontal constraint from the segment con- 
sidered. The end fixing moments, i.e., the 
constraining moments at 4 and B, are 
Ny+bX, and —X,,+bX,, respectively, in 
an anti-clockwise direction (the length AB 
is equal to 2b). 

The equations simplify if the loading is 
symmetrical as well as he structure, for 


then 
M,xds 
and therefore X, is zero. Simplifications 
also result if the loading is anti-sym- 
metrical, i.e., if the loads are equal for 
points situated symmetrically on either side 
of the centre line but act in opposite senses. 
In this latter case 
EI EI 

so that both X,, and \, are zero and there 
is only one unknown \,. It is frequently 
convenient to make use of these results 
by splitting an asymmetrical loading 
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into symmetrical and anti-symmetrical com. 
ponents (3). 

The total constraining moments and 
forces are found by applying the equations 
successively to each segment of the ring, 


Changes in Stress Distribution Due to 
Relaxation of Constraints 

The distribution of load and the distor. 
tions under three separate loading con- 
ditions must be calculated before the 
relaxation of constraints can be carried out, 
The first and third cases correspond to the 
relaxation of the angular constraints at 4 
and B without movement of A relative to 
B, while the second corresponds to displace- 
ment of A relative to B without rotation of 
the ring at these points. 


The first case to be considered is that of. 


a segment symmetrically loaded by equal 
and opposite end fixing moments (7.e., one 
clockwise and the other anti-clockwise), 
The rotations of the ends, the variation of 
the bending moment around the segment 
and the horizontal force which arises due 
to the fact that the ends of the segment 
are at a fixed distance apart are all required 
for the solution of the problem. Suppose 
that equal end fixing moments M, are 


M M 


\ 


| 


Fig. 3 


applied in the directions indicated in Fig. 3 
and that the corresponding horizontal force 
is H; then the bending moment W at 3 
general point will be 

M=M,-—Hy. 

H may be determined by summing the 
wrual work for all elements of the segment 
taking as distortions those which actually 
occur and employing for a system of loads 
in equilibrium unit horizontal load along 
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4B. The unit horizontal load will do no 
work since its points of application do not 
deflect, therefore 


Mo —£ 


ids 21s 


and the: moment M becomes 


Hence 


- 

ET 

3 
| 
‘EI 


equation for 


The virtual work unit 
moment applied to the segment gives the 
sum of the rotations at 1 and B and, since 


symmetry is assumed, these are numerically 


equal. Hence 
VEI |ds 
l-y. [y2ds El 
| 
so that 


The second problem involved in the 
elimination of the harizontal constraining 
force is dealt with in a similar manner. In 
this case the points 1 and B approach one 
another due to the application of a hori- 
zontal force H without the segment twisting 
at Ad and B. Unit moment applied to the 
segment gives the virtual work equation 

| dls =0, 
since the ends do not rotate. Therefore the 
fixing moment arising at the ends due to 
their relative displacement is connected with 
the horizontally applied force H by 


_ ds 
The virtual work equation for unit hori- 


zontal force now becomes, if the horizontal 
displacement is 4, 


yds 
EL ds 


fas 
EI 


so that 6 is related to H by 
yds \? 
EI | 


(6) 
EI 


The relations given above are sufficient 
for the complete solution of problems in- 
volving symmetrically loaded rings. The 
third loading case indicated in Fig. 4 is re- 


M, M, 


Figs 4 
quired for asymmetrical loadings. It is the 
only one which arises if the loading is anti- 
symmetrical for it is a feature of such 
loadings that H is always zero. 

The bending moment in the segment 
when there is no horizontal constraint is 
M=M,a/b, 
and it is readily verified that this system 
of moments does not give rise to any move- 
ment of A relative to B. The rotations at 
A and B are clearly equal so that the 
virtual work equation obtained by consider- 
ing the actual distortions and a moment 

varying as x/b gives for this case 
M, ads 
alee 
It will be noticed that all the integrals 
required in this section have occurred pre- 
viously when determining the stress distri- 
bution in the loaded segments built in at 
A and B. 


Numerical Example 

The method will now be applied to a 
simple example which will demonstrate the 
main principles involved. The example 
considered is that of a doubly symmetrical 
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and 
1g. 
istor- 
con- 
(ds _\. (4) 
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ring in which the outer members are three 
quarters of a complete circle and have one 
third the moment of inertia of the straight 
internal member joining them. The loading 
assumed comprises equal moments applied 

In this 
balanced 


at each end of the straight member. 
case the external 
entirely by the constraining moments when 
A and B are held fixed so that the first 
and a more familiar step in the solution does 
not arise (1.e., the calculation of the bending 
moment distribution in an encastré segment 
In addition, as the 


moments are 


under external load). 
internal member is straight, no change can 
Hence the rota- 
order to 


occur in the length AB. 
tions required at 4A and B in 
liquidate the constraining moments can be 
determined directly without employing the 
successive steps involved in the complete 
moment distribution or relaxation methods. 

The second step is to determine the end 
for unit twist at 4 and B in the 
designated 1, 2 and 3 in Fig. 5. 


moments 
members 


Fig. 5 


Only the moments at one of these points 
need be recorded since the values at the 
other point are numerically equal. For the 
circular arc elements equations (2) and (4) 
are employed, the values of the integrals 
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required being, for ¢=37/4 (see Appendix), 


and | yds = J (1 
| = (1+). 
Hence 
6 M 0.544 
= —— . . 0.044, 
EI, 
or in terms of /,=31,, 
M. 
ad 


The expression for M, is identical with 
that for \/, as the dimensions of the mem- 
bers are the same. /, the moment carried 
by the straight member is related to the 


twist at the ends by 


and as a=by2 
M,=1.414—*4 
a 


Hence the proportion of the total moment 


M carried by the straight member AB is 


The remainder is divided equally between 
the upper and lower arcs. 
The moment in the 
accompanied by a tension in AB given by 
eqn. (2) as 


upper segment is 


H,=0.177. 

a 
But an equal compression arises from the 
lower segment so that there is no end load 
in AB. The value of H, is required, how- 
ever, for the of the bending 
distribution in the circular seg- 
The bending moment the 

general value 
M,—H,y=M [0.107 +0.177 cos 6]. 

At the highest point of the ring, where 


6=7, it is —0.07 M and at this point there 
is of course an axial force equal and oppo- 
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0.177 M/a. 
The complete 


compressive load of 


system of forces and 


moments acting at a cut along the axis of 


symmetry are indicated in Fig. 6. It may 
0-177 M 
O:O7M 
O-535M M 
O-07M 
4. 
Fig. 6 


readily be checked that these are equivalent 
to the externally applied moment \/. 


APPENDIX 
Evaluation of Integrals for a Uniform 
Cireular Segment 

Consider a uniform circular arc segment 
of radius a subtending an angle 2@ at the 
centre (Fig. 7). The co-ordinates x and y 
of a point P measured from O are given in 
terms of the which the radius 
vector (P makes with the downward ver- 
tical from the 


angle @, 


centre CO, by 


“=a sin 6, 
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and 
y= —a [cos 0s 6]. 
The integrals around the segment thus 
extend from 6=7 As the 
segment is ceca uniform the factor EI is 


to 6=7+9. 


2 


constant and may be taken outside the in- 
tegrals. 


Figs 


The values required are therefore 


ds = 2ud, 


yds = Za? | 


| 
| 


sin 26 
a7ds =a? [ 


[sin @—@ cos 


| 2 cos? o+o— sin 
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Introduction. 

The complexity of much of the mechanical 
gear used for shock absorption and arresting 
in aircraft engineering is apt to obscure some 
of the broad generalizations that may be 
deduced from the elementary principles of 
classical mechanics. More particularly does 
this apply to the distance required to arrest 
the motion of an aircraft or falling body when 
the retarding force must not exceed a specified 
value. This note merely presents some more 
or less self-evident truths which may be of 
some value in dealing with new landing and 
arrester problems. 

It is not intended to limit this brief investi- 
gation to particular methods or applications of 
deceleration, but rather to concentrate on the 
fundamental principles common to all. The 
following concrete examples, however, are 
selected as representative and typical, for 
reference or illustration as and when appro- 
priate. 

(a) Landing gear for an aircraft. 

(6) Horizontal arrester gear for an air- 
craft. 

(c) Free dropping of 
equipment. 

(d) Dropping by parachute. 


supplies and 


In the problem of pure deceleration, with- 
out the complication of gravity force, the 
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basic fact is that to stop a body without the 
deceleration exceeding a specified value re- 
quires a certain minimum distance, which 
distance corresponds to uniform deceleration, 
No amount of design ingenuity can override 
this fundamental law, so that a designer must 
always provide for a certain travel or stroke 
which depends only upon the initial velocity 
and the maximum deceleration that can be 
allowed. 

Examination of the principles commonly 
used for producing deceleration then reveals a 
further law that from the point of view of the 
engineer is almost equally fundamental. In 
general, any practical system is likely to re- 
quire an appreciably greater distance than the 
ideal minimum associated with uniform de- 
celeration. This gives rise to the concept of 


“retardation efficiency’’ which is a criterion | 


of merit where travel or stroke is a critical 
design consideration. 


It is, however, seen to be not very difficult | 


to prevent the retardation travel exceeding 


twice the ideal distance (efficiency 50%), | 
which corresponds to a simple elastic system | 


acting in direct compression and not pre- 
loaded. There are several ways in which this 
standard of retardation efficiency can be im- 
proved upon within limits. The two outstand- 
ing are pre-loading of elastic systems or the 
introduction of fluid resistance, both of which 
tend towards a more nearly uniform decelera- 
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tion, and hence a higher retardation effi- 
ciency (see Figs. 1 and 2). 

On the other hand there is one type of de- 
celeration system that must inevitably require 
a longer travel, and have a comparatively low 
retardation efficiency. This general classifica- 
tion embraces all kinds of nets, carpets, wires, 
etc., that are stretched at right angles to the 
direction of the motion to be arrested (Fig. 
1b). Such systems (referred to as “‘lateral’’) 


la Direct System. 


AND ARRESTER GEAR 


leads to a still further departure from the ideal] 
of uniform deceleration. The extreme is an 
elastic wire just taut initially, for which the 
retardation efficiency falls to 25°, and there- 
fore requires four times the theoretical ideal 
distance for pure deceleration without gravity. 

The foregoing consideration of deceleration 
is concerned mainly with the mechanical and 
design difficulties of achieving a high retarda- 
tion efficiency. It is necessary to remark, 


1b Lateral System. 


NOTE.—In both cases the resistance represented by a spring may be produced by the 
following alternatives or combinations of them. 


(a) Unloaded Spring or Equivalent. 
(b) Pre-loaded Elastic Resistance. 


(c) Fluid Resistance. ° 
(d) Frictional Resistance. 


(e) Resistance produced by Plastic Deformation. 


Fig. 


] 


Basic Systems for Deceleration. 


are sometimes used for arresting falling 
bodies, for arresting horizontal motion of air- 
craft, and could conceivably be used as land- 
ing gear for aircraft. 

Investigation shows that the highest re- 
tardation theoretically possible with such 
systems is 50%, and is then only approach- 
able with a high initial tension and consider- 
able flexibility. Thus any increase of tension 
as the body travels while being decelerated 


however, that were a near approach to be 
made to uniform deceleration, there might be 
conflict with other requirements. The initial 
build up of deceleration from zero, which so 
often obtains on conventional systems, is 
beneficial to mechanisms and _ structures 
susceptible to shock loads. On undercarriages, 
moreover, the same characteristic is often 
employed to reduce the maximum decelera- 
tion experienced in gentle landings, and to 
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Y 
| 


give the pilot a physical impression of the 
severity of ground impact. Thus the conclu- 
sion is reached that, whilst for some purposes 
om the highest possible retardation efficiency may 
be justifiably the aim, some compromise 
might become necessary in special cases. 
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order of 3g or 4g usually applicable to air- 
craft, if the retardation efficiency appropriate 
to pure deceleration is low. The lateral sys- 
tems (nets, wires, etc.) are particularly at a 
disadvantage in this respect, even when a 
reasonably large travel is permissible. It can, 


IDEAL UNIFORM 
RETAROER (Kz!) 


T 
| | 
“ 
DECELERATION 
~ | | 
(k= 507) | | 
| | 
0 | | 
| 
CUBIC (LATERAL SLACK | 
wire) (K-25 %) | 
| | 
oe 0-6 0-8 
/ bm 
PROPORTION OF TOTAL TRAVEL 
Fig. 2 


Characteristic Deceleration Curves and Retardation Efficiency (K). 


When gravity force acts in the direction of 
deceleration, the problem becomes rather 
more complicated and generalizations more 
difficult. The effect is not serious where high 
decelerations are normally employed. It can 
become very serious for decelerations of the 
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in fact, become completely impossible to 
arrest the motion without the maximum allow- 
able deceleration being exceeded where this 
value and the retardation efficiency are com- 
paratively low. 
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1. Main parameters. The three main para- 
meters are as follows :— 

(a) The initial velocity (V), conveniently 
represented by the equivalent free 
height drop (s,) in vacuo, Z.e., 
* 

(b) The retarding force (P), conveniently 
represented by the deceleration co- 
efficient n, with maximum value 

(c) The displacement (s) 
period of deceleration, with s,, the 


during the 


total distance to rest. 


2. Gravity absent. With a constant applied 
retarding force, and no gravitational force, 
the total travel (s,,) may be expressed, 

t, « (1) 
where A is unity for uniform deceleration and 
otherwise a coefficient less than unity depend- 
ing upon the characteristics of the shock 
absorbing or arrester system. By equating 
the initial kinetic energy to the work done 
against the retarding force the value of Iv is 
readily shown to be given by 


K= | yi (2) 


0 


where r=s/s, and y=n/ 


3. Retardation efficiency. The coefficient X 
may conveniently be regarded as an efficiency 
factor from the standpoint of bringing the air- 
craft or other body to rest in the minimum 
distance consistent with not exceeding the 
maximum allowable retarding force.  Al- 
though varying with different designs of 
shock-absorbing and arrester gear, its range 
of variation is limited by practical engineer- 
ing considerations. For many purposes, 
moreover, its approximate value only needs 
to be known. 

A selection of theoretical curves is shown 
in Fig 2. The corresponding values of retarda- 
tion efficiency (K) are also indicated, these 


* The following table may be useful :— 
V (ft./sec.) 8 10 12 14 15 10 
S (feet). 1.00 1.55 2.24 3.04 3.50 3.97 
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being simply the areas under the respective 
curves. 


4. Direct compression systems. The simple 
elastic shock-absorbing or arrester system, 
such as a directly loaded compression spring 
(Fig. la) corresponds to the straight line (1) 
through the origin in Fig 2, for which the 
retardation efficiency is 50%. 

In general, this simple elastic case repre- 
sents the lower limit of efficiency for any 
system employing direct compression or ten- 
sion, including conventional designs of under- 
carriage. Usually a higher efficiency is 
desirable. In theory this may be achieved by 
having a very flexible and pre-loaded spring, 
so that the retarding force is initially high and 
does not increase appreciably during the 
period of deceleration. Thus pre-loading to 
half the final value (line B in Fig. 2) increases 
the retardation efficiency from 50°, to 75°. 
To some extent this principle is employed on 
a conventional oleo undercarriage by the 
initial air compression or pre-loading of 
springs. 

On a conventional oleo undercarriage an 
increase of retardation efficiency is also ob- 
tained by combining viscous fluid resistance 
with elastic resistance. Since the fluid resist- 
ance is highest initially when the velocity is 
high, its combination with fluid resistance 
gives a more nearly uniform deceleration. 

Other possible methods make use of friction 
or plastic resistance. In theory both could be 
made to give a uniform deceleration, but 
there are many practical difficulties. A typical 
example of friction retardation is the winch 
and friction drum which might be used for 
horizontal arresting. The best example of 
plastic resistance is the crash-pan used for 
parachuted bodies, which is simply a light 
structure that is completely crushed on im- 
pact. Devices combining both friction and 
plastic resistance have also been employed 
with some success for special purposes. 

5. Lateral systems. The curves below the 


“elastic’’ line in Fig. 2 correspond to the less 
efficient systems. The curve (C) for parabolic 
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variation has a retardation efficiency of 
33.3°,, and that for cubic variation (D) has a 
value as low as 25%. 

A typical system having retardation effi- 
ciency of this order is an elastic (or elastically 
supported) wire stretched at right angles to 
the direction of motion to be arrested (Fig. 
1b). This may be regarded as representative 
of various alternative systems working on the 
same principle, such as elastic carpets and 
nets. 

In the somewhat extreme case where such 
a wire is highly tensioned and has a low 
elastic modulus, the retardation efficiency 
may readily be shown to be 50%*. The re- 
tarding force is attributable to the inclination 
given to the two portions of the wire, and the 
tension is assumed constant during the period 
of deceleration. 

At the other extreme is a wire just taut and 
with no initial tension. Here the retarding 
force is attributable to the components of ten- 
sion acquired as the wire stretches. The 
appropriate curve of deceleration is then the 
cubic in the figure, for which the retardation 
efficiency is only 25°%*. 

In practice some intermediate condition 
would probably occur, such as the parabola 
in Fig. 2 with retardation efficiency 33°. For 
the general type of ‘‘lateral’’ shock-absorbing 
or arrester system, however, 50°, represents 
the upper limit of efficiency attainable by all 
ordinary means, contrasting with simple 
“‘direct’’ systems for which 50% is in general 
the lowest possible value. 

It is important to remark that for pure de- 
celeration a low retardation efficiency (i.e., 
long travel) may not always be seriously detri- 
mental to these “‘lateral’’ systems, particularly 
when they are installed on the ground; but 
this conclusion needs to be taken with some 
reservation until the effects of gravitational 
force have been considered. 


6. Retardation with gravity. The effect of 
full gravitational force is readily obtained by 
adding the total travel (s,,) to the equivalent 


* To the first appgoximation. 
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free height drop (s,) in the original equation 
(1), the coefficient KX retaining its original 
meaning. The new equation for s,, then 
becomes: — 

‘ 

The criterion for effective retardation when 
the full force of gravity opposes the retarding 
force is thus : — 

N=Kn,,-1 . (4) 
which is the equivalent uniform deceleration 
coefficient with gravity absent on the basis of 
the same distance to rest. It is clear from the 
form of this criterion that gravitational force 
increases the importance of retardation effi- 
ciency, particularly when the maximum 
allowable deceleration is low. Thus it is not 
impossible for this criterion to become zero 
or negative, whereupon the body cannot 
possibly be arrested without the prescribed 
maximum deceleration being exceeded. 


7. Direct systems with gravity. When the 
maximum allowable deceleration is high, as it 
may be for bodies dropped on to the ground, 
the effect of gravity is not likely to be at all 
serious. With maximum deceleration of the 
order used for aircraft (3 or 4g), and the 
retardation efficiencies of the order to be ex- 
pected from ‘“‘direct’’ decelerating systems, it 
is still not likely to be critical. The benefits 
of small increases in retardation efficiency or 
of maximum allowable deceleration, however, 
are disproportionately high in terms of re- 
duced travel. 

In the case of the conventional oleo under- 
carriage the retardation efficiency is usually 
reasonably high, and both the undercarriage 
and aircraft structures are designed for a 
deceleration of at least 3g. There has to be 
borne in mind also that on a conventional air- 
craft (and parachuted bodies) gravity force is 
counteracted to some extent by the aerodyna- 
mic lift forces. Horizontal arrester systems, 
of course, are not appreciably affected by 
gravity force at all. 


8. Lateral systems with gravity. When the 
lateral systems mentioned above are used to 
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arrest vertical motion within the 3 or 4g de- 
celeration limit usually allowed for an aircraft, 
there is a real danger of the criterion An, —1 
becoming small or even negative*. When 
such systems are installed on the ground a 
reasonably long travel may be acceptable, 
but there is clearly a danger of its exceeding 
all reasonable proportions or of vertical arrest- 
ing becoming completely impracticable within 
the limits of deceleration imposed. 

Should elastic wires, carpets or nets be used 
for arresting the descent of bodies not capable 
of withstanding high acceleration, therefore, 
considerable attention would need to be given 
to the problem of achieving the highest pos- 
sible retardation efficiency. One suggestion 
is that the tension should be as high as is 
practicable and the flexibility as low as is 
practicable, so that the retardation efficiency 
isas near as possible to the 50% ideal for this 
type of system. 


9, Other considerations. The foregoing takes 
no account of possible disadvantages that 
might accrue if attempts to achieve a high 
retardation efficiency were completely success- 
ful. For many purposes the highest possible 
retardation is a legitimate aim, but for others 
some compromise may be necessary, since 
*Amaximum deceleration of 4g and retardation 
efficiency of 25%, or 3g and 334% are not improb- 
able combinations which give zero for the criterion 
Knm—1, 


there may be a conflict in requirements. 

The need for compromise is most apparent 
on an aircraft undercarriage. On the conven- 
tional undercarriage system the deceleration 
builds up from zero over an appreciable 
travel. This is detrimental to retardation effi- 
ciency, but obviously beneficial to mechanisms 
and structures susceptible to shock loads. The 
tyres are an important safeguard in this re- 
spect, over and above any appropriate 
characteristics of the shock-absorbing 
mechanism proper. 

The initial build up from zero also serves 
another purpose on undercarriages operating 
wholly or in part by elastic resistance. It pro- 
vides the means of reducing the maximum 
deceleration occurring on gentle landings 
when the impact velocity is well below the 
maximum design figures. Thus the associated 
reduction in stroke limits the applied retard- 
ing force. 

This is a useful characteristic of elastic 
decelerators with low initial loading, but the 
method of obtaining it is inefficient. In 
principle the best solution would be a system 
which always utilized the full stroke and 
maintained the same characteristic curve of 
deceleration, but automatically adjusted the 
scale of deceleration to suit the impact 
velocity. This principle is employed in an 


appreciable degree on a conventional oleo 
system. 
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The Aircraft Engineer's ‘‘A’’ Licence. 
Group Capt. G. W. Williamson, O.B.E., 
M.Inst.C.E., M.1.Mech.E., 
F.R.Ae.S. Newnes, Ltd., London. 1945. 
17/6. 

Upon the Licensed Aircraft Engineer will 
come an increasing responsibility as flying 
becomes the world means of transport. The 
fullest 
responsibility implies can only come from 
knowledge and experience. 


understanding of what the word 


Knowledge is all important to the licensed 
aircraft engineer for he cannot afford to 
profit by the mistakes of experience. He 
must, indeed, make no mistake, and that 
statement alone is a measure of the great 
responsibility which lies upon his shoulders. 

Group Captain Williamson is a first-class 
engineer, who has worn the mantle of 
responsibility with such an air of insouciance 
that it is liable to mislead those who do 
not know his great ability. This book is 
an instruction book for the Air Registration 
Board Examinations for the ‘‘ A’’ licence. 
It is a most excellent work to drive through 
the questions set and any driver who fails to 
make the journey after the instructions 
given him by the author may as well decide 
that the responsibility for the safety of air- 
craft is not one he should undertake. 


The foregoing comment does not mean 
that this is the only book which the pros- 
pective licensed aircraft engineer need buy, 
as the author is quick to point out in its 
preface. Throughout the most careful refer- 


ences are given to books which will give all 


No one 
book, indeed, could contain it without being 


the detailed information necessary. 


unnecessarily bulky. 

The following are the chapter headings of 
the book under review:—1, Duties, responsi- 
bilities and requirements. 2, Aircraft licences, 
3, Measuring and checking. 4, Construc- 
tion of light airframes. 5, Erection of light 
aircraft. 6, Construction and inspection of 
large aircraft. 7, Control surfaces and con- 
trols. 8, Landing gear. 9, Hydraulics, 
10, Instruments. 11, Automatic _ pilots, 
12, Electrical and _ other 
13, Maintenance and inspection. 14, Faults, 


accessories. 


adjustments and minor repairs. 15, Examin- 
ation subjects other than aircraft main- 
tenance. 

Each chapter is followed by recommended 
books to read and a series of questions on 
the information given in the chapter. Nor 
are these questions simple to answer unless 
the chapter has been really studied. The 
reviewer casually looked through the chap- 
ter on landing gear to see what answer 
there was to the question “‘ Is there any 
reason why an aircraft should pull to one 
side when taxying, although all brake 
adjustments turn out to be satisfactory?” 
He finally had to read the chapter through 
carefully to find out the cause, but not the 
Even Group Captain Williamson, 
excellent writer though he is, nods occa- 


reason, 


sionally in English. 
A good book, well written, printed and 
illustrated. 
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Reading, Berkshire 

““Skyhi ’’ Works, Standard Road, Park 
Royal, London, N.W.10 

Kingston By-Fass, Surbiton, Surrey 


Grosvenor House, Park Lane, London, 

W.1 
Studley Road, Redditch, Worcs. 
Purley Way, Croydon 


Acton, London, W.3 


47 Bank Street, Sheffield, 1 


Herga House, Vincent Square, London, 
S.W.1 

8 South Street, 
W.1 

Luton Airport, Luton, Beds. 

Chequers Lane, Dagenham, Essex 

The Aerodrome, Reading, Berkshire 

Adelaide House, King William Street, 
London, E.C.4 

Parker Street, Kingsway, London, W.C.2 


Park Lane, London, 


The Airport, Portsmouth 
Cowley, Oxford 
Radio Works, Cambridge 


Orwell Works, Ipswich 


Hay Hall Works, Tyseley, Birmingham 
Stoke Road, Guildford, Surrey 
Newton Heath, Manchester 
Derby 

Bath Road, Slough, Bucks. 
Cheltenham Road, Gloucester 
Kingsgate Place, Kilburn, 

N.W.6 


London, 


Great Cambridge Road, Enfield, Middle- 
sex 

49 Parliament 
London, S.W.1 

Edinburgh Avenue, 
Slough, Bucks. 

Warwick Road, Birmingham, 11 

Rochester, Kent 


Street, Westminster, 


Trading Estate, 
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ADVERTISERS 


Slough 20207 


Wolverhampion 
21481 

Armley 38081-5 
Warrington 2244 


Leicester 25196 
Reading 60811 
Willesden 1302-3-4 


Elmbridge 
3352-3-4 (3 lines) 
Grosvenor 4131 


Studley 121-2 
Croydon 0191 


Shepherds Bush 
1220 
Sheffield 25907 


Victoria 8323 
(6 lines) 
Grosvenor 2771-2 


Luton 2960 
Rainham 34 
Wargrave 218 
Mansion House 
8226 

Holborn 9791 
(4 lines) 
Portsmouth 
Oxford 77701 
Cambridge 3434 


74374 


Ipswich 2201 


Acocks Green 1607 
Guildford 3232 
Failsworth 2020 
Derby 2424 
Burnham 686-8 
Gloucester 4431 
Maida Vale 
7366-7-8 


Enfield 3434 and 
1242 
Whitehall 7271 


Slough 23277 
(4 lines) 
Victoria 0531 
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SIMMONDS AEROCESSORIES LTD. 


Simms Motor Units Lip. 

Sm1THS AIRCRAFT INSTRUMENTS 
Ltp. 

THE SPERRY GYROSCOPE Co. LTD. 


M. E. Stace & Co. LTD. 


STANDARD TELEPHONES & CABLES 
Lrp. 
STERLING METALS 


TAYLORCRAFT AEROPLANES 
(ENGLAND) 
THE TECHNOLOGICAL INSTITUTE 

OF GREAT BRITAIN 
TITANINE LIMITED 


TusBes LIMITED 
ERNEST TURNER GROUP 


ERNEST TURNER (LONDON) 

ERNEST TURNER (WEAVING) 
Lrp. 


ERNEST TURNER ELECTRICAL 
INSTRUMENTS LTD. 
Cuas. DouLp & Son LtpD. 


TURNER MANUFACTURING Co. LTD. 


THE UNITED STEEL COMPANIES 


LIMITED 


VICKERS-ARMSTRONGS LIMITED 
(AIRCRAFT SECTION) 


VoKeEs 


WaDKIN LTD. 


Warwick AVIATION COMPANY 
Ltp. 

WESTLAND AIRCRAFT LIMITED 

Cuas. WESTON & Co. LTD. 

A. C. WicKMAN LIMITED 


HENRY WIGGIN & Company LTD. 


WILKINSON RuUBBER- LINATEX 

WILLIAMSON MANUFACTURING Co. 
Lip. 


WORCESTER WINDSHIELDS AND 
CASEMENTS LTD. 


YORKSHIRE ENGINEERING Sup- 


PLIES 
THE YORKSHIRE PATENT STEAM 
Wacown Co. 


OF 


Great West Road, Brentford, London ' 


Oak Lane, East Finchley, London, N.2 
Cricklewood Works, London, N.W.3 


Great West Road, Brentford, Middlesex 
14 Portland Street, Cheltenham 
New Southgate, London, N.11 


Northey Road, Foleshill, Coventry 


Britannia Works, Thurmaston, Leicester 


39 Temple Bar House, Fleet Street, 
London, E.C.4 


Colindale, London, N.W.9 


Rocky Lane, Aston, Birmingham, 6 
Northdown House, Northdown Street, 
King’s Cross, London, N.1 


Wulfruna Works, Moorfield Road, Wol- 
verhampton 


17 Westbourne Road, Sheffield, 10 


Vickers House, Broadway, Westminster, 
London, S.W.1 

Weybridge Works, Weybridge, Surrey 

Putney, S.W.15 


Green Lane Works, Leicester 


Warwick 


Yeovil 

Torringéon Avenue, Coventry 
Tile Hill, Coventry 

Wiggin Street, Birmingham 
Frimley Road, Camberley, Surrey 
Litchfield Gardens, Willesden Green, 
London, N.W.10 


Barbourne, Worcester 


Bronze Foundries, Upper Wortley Road, 
Leeds, 12 
Hunslet, Leeds, 10 


XXX 


ADVERTISERS 


Ealing 2212 
(18 lines) 
Finchley 2262 
Gladstone 3333 


Ealing 6771 
(10 lines) 
Cheltenham 
52021-2 
Enterprise 1234 


Coventry 89031 


Syston 86106-8 


Central 5940 


Colindale 8123 
(6 lines) 
Aston Cross 3030 


Terminus 6674-5-6 


Wolverhampton 
24456 (5 lines) 


Sheffield 60081 
(7 lines) 


Abbey 7777 


Byfleet 240-243 


Leicester 

27114 (4 lines) 
28021 (3 lines) 
Warwick 693 


Yeovil 1100 
Tilehill 66291-2 
Tile Hill 66271 
Edgbaston 2245 
Camberley 1595 


Willesden 
0073-0075 
Worcester 3326 
(3 lines) 


Leeds 38234 and 
38291 

Leeds 76551 

(2 lines) 
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Nature perfected the welding of muscle to bone: Metalastik 
perfected the rubber-to-metal weld. 


When, on the ’bus, you arch your foot to prevent vibration 
jarring through your heels, Nature’s construction softens the 
vibration: when a manufacturer is troubled by a vibrating 
piece of machinery he mounts it on Metalastik rubber 

mountings, or damps the oscillations of his crankshaft with 
a Metalastik torsional vibration damper. 


In its campaign against vibration, Metalastik engineering 

safeguards feather-weight instruments, softens the harsh- 
ness of high-powered engines, cushions the shudders in 

heavy torques, isolates the tremors of unbalanced 

machines and, in short, takes the ‘Brr’ out of 
vibration. 


That engineering experience is at your disposal. 


METALASTIK 


Metalastik Ltd., Leicester. 
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ANCIENT. rae starve or 

The greatest of all Sculptures of the Parthenon, the 
Goddess Athene, stood 40ft. high. In her right hand 
was held a representation of Nike (Victory) while 
her left rested on the shield whose surface depicted 
the battle of the Greeks and the Amazons. The cost 
of the statue was fabulous, the flesh parts being of 
ivory and the draperies of pure gold. 


MODERN 


From the fashioning of rare and lovely materials in 
Ancient Greece, to the almost unlimited scope of 
modern metal fabrication, one great bond remains— 
Craftsmanship. Today it is used, not to commem- 
orate War in fashioning the shape of its Goddess, but 
to achieve fa lasting peace in the form of faultless 
aeronautical design and performance as typified by 
the products of The Serck Organisation. 


RADIATORS & COOLERS FOR AIRCRAFT 


SERCK RADIATORS LTD. - BIRMINGHAM, 11 
Also at LONDON NEWCASTLE-ON-TYNE CHESTER SOUTHAMPTON MAIDSTONE SUDBURY BELFAST 
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In the best TRADITION 


.. the name Churchill has since the 
year 1865 been in the forefront of machine 
tool manufacture and distribution, supply- 
ing a wide range of the highest quality 
products. 


CONOMATICS CLEVELAND RIGID HOBBERS 


CHURCHILL-REDMAN LTD. HALIFAX 


. 


You should consult the Churchill organi- 
sation before deciding your future require- 
ments. Application of their abundant 
knowledge of machine tools and equip- 


‘ment to ‘your particular: problems may 


mean much to you. 


CHURCHILL 
Machine Tools & Equipment 


CHURCHILL-FAY AUTOMATIC LATHES . CHURCHILL GRINDING MACHINES. CINCINNATI 
MILLING MACHINES : CINCINNATI GRINDING MACHINES CINCINNATI BROACHING 
MACHINES 5 CHURCHILL-REDMAN SHAPERS AND LATHES ° PETERMANN AUTOMATICS 


JONES & LAMSON TURRET LATHES 


JONES & LAMSON THREADGRINDERS . NATCO MULTIPLE SPINDLE DRILLING AND BORING MACHINES 
RED RING GEAR SHAVING AND LAPPING MACHINES . RED RING GEAR CHECKING MACHINES 


CHARLES CHURCHILL & CO. LTD., COVENTRY ROAD, SOUTH YARDLEY, BIRMINGHAM 


V. L. CHURCHILL & CO. LTD., WORCESTER 
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APPROVED UNDER 


VAVIMO LIMITED, 


AIR NAVIGATION RULES FOR 
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CIVIL 


AVIATION 


Printed 


Poday’s experience is tomorrow's gain and in the 
—_ 


IN HIGH TENSILE STEEL 


. present designers with 


freedom for creating new ideas in 
irregular and complex types of 
steel castings having fatigue and 
ductility properties comparable with 
forged steel. 


Representing the highest level of 
attainment steel foundry 
technique and metallurgical science, 
DAVID BROWN STEEL CASTINGS 
for AIRCRAFT now meet a special 
requirement of the industry. 


Draft specification D.T.D. 666 
covering alloy steel castings for 
Aircraft is available. 


Printed by the Lewes Press (Wightman & Co., Ltd), Friars Walk, Lewes, England, and Published) by the Royal 
Aeronautical Society, 4, Hamilton Place, Le mn, W..1, Eng sland. 


DAVIDBROWN 
& SONS (HUDDERSFIELD) LIMITED: 
PENISTONE WORKS 
PENISTONE NeaR SHEFFIELD | 


> 
F 
| 
33 
| 
a 
) 


